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PROCESS FOR PRODUCING N-HALOGENATED ORGANIC COMPOI JNHS 

TECHNICAL FIELD 

This invention relates to novel, highly efficient processes for the preparation of N- 
halogenated amides or imides such as N-halogenated hydantoins, succinamides, succinimides, 
phthalamides, phthalimides, cyanuric acid, and glycolurils. Preferred aspects of this invention relate 
to novel, highly efficient processes for the preparation of l,3-dihalo-5,5-dime%lhydantoins. As 
used herein, such terms as halogen, halogenated, and halo refer to bromine and/or chlorine. 

BACKGROUND 

Various N-halogenated amides and imides are of known utility as chemical intermediates, 
as halogenating agents in organic syntheses, and as biocidal agents. See for example, U.S. Pat Nos. 
2,868,787; 2,920,997; and 2,971,959. 

l,3-Dihalo-5,5-dialkylhydantoins, especially l,3-dibromo-5,5-dimethylhydantoin, 1,3- 
dicUoro-5,5-dimethylhydantoin, l-bromo-3-cUoK>-5,5-dimethylhydantoin, and l-chloro-3-bromo- 
5,5-dimethylhydantoin, or mixtures of two or more of them, are biocidal agents for use in water 
treatment These compounds are, in general, sparingly soluble in water. Each of these compounds 
except l,3-dibromo-5,5-dimethylhydantoin, has been supplied in compacted solid forms such as 
granules, tablets, or briquettes, and delivered into the water being treated by means of water flow 
through an erosion feeder. So far as is known, l,3-dibromo-5,5-dimethylhydantoin powder has not 
been converted into a compacted form for such use. 

Over the years considerable effort has been devoted to the search for improved methods for 
producing N-halogenated amides or imides. In U.S. Pat No. 2,971,960 N-brominated compounds 
such as N-brominated 5,5-di-lower-alkyl hydantoins are formed by treating the alkylhydantoin with 
bromine in an acidic aqueous solution containing hypochlorite, preferably at a pH between 1 and 4. 
However, the method of choice has been halogenation of the alkylhydantoin in a basic aqueous 
medium. Almost invariably the halogen has been introduced into, or formed in situ in, the aqueous 
medium containing the alkylhydantoin. See in this connection U.S. Pat Nos. 2,398,598; 2,779,764; 
2,868,787; 2,920,997; 2,971,959; 3,121,715; 3,147,259; 4,532,330; 4,560,766; 4,654,424; 4,677,130; 
4,745,189; WO 97/43264, published 20 November 1997; Orazi andMeseri,Ana!es Assoc. Quim. 
Argentina, 1949, 37, 192-196; Orazi and Meseri, Anales Assoc. Quim. Argentina, 1950, 35, 5-11; 
Corral and Orazi, J. Org. Chem., 1963, 23, 1100-1104; Jolles, Bromine and its Compounds, Ernest 
Benn, London, 1966, p. 365; and Markish and Arrad, Ind Eng. Chem. Res., 1995, 34, 2125-2127. 
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Shortcomings of prior processes for the N-halogenation of amides and imides include the 
requirement for careful temperature control (particularly in order to avoid sudden exotherms), long 
reaction times, foaming due to evolution of gases from decomposition of reactants and/or reaction 
products, and products of inconsistent quality. 

In the case of l,3-dihalo-5,5-dimethylhydantoins, the provision of a process capable of 
producing the product as relatively large particles is a desirable objective. U.S. 4,745,1 89 refers to 
formation of N^'-bromochloro-5,5-dimethylhydantoin products comprising relatively large 
particles. Unfortunately, however, the process requires halogenation of dimethylhydantoin in an 
aqueous mixture under alkaline conditions in the presence of a halogenated alicyclic organic 
compound such as dichloromethane. 

It would be of considerable advantage if a new way could be found of producing N- 
halogenated amides or imides while avoiding or at least minimizing the extent of the shortcomings 
referred to above. It would also be of great advantage if a way could be found of producing 1,3- 
dihalch5,5-dimethylhydantoins having larger average particle size than produced by methods known 
heretofore. Also it would be of considerable advantage if the production of a larger average particle 
size product could be accomplished without need for use of a halogenated organic solvent in the 
reaction mixture. 

This invention is deemed to fulfill these objectives in a most effective and efficient manner. 
SUMMARY OF THE INVENTION 

In accordance with this invention processes are provided which are characterized by high 
efficiency, uniform product consistency, good product color, and efficient utilization of reactants. 
In addition, this invention makes possible the conduct of exothermic N-halogenation reactions 
without use of costly refrigeration. Moreover, the processes of this invention can be run in a batch 
mode, in a semi-batch mode, or in a continuous mode, and in any such mode it is possible, when 
producing products devoid of chromophoric groups, to obtain high yields of very pale yellow to 
almost pure white products. And no haloorganic solvent or co-solvent of any kind is required in the 
processes of this invention. 

Furthermore, this invention makes possible the production of l,3-dihalo-5,5-dimethylhy- 
dantoins with large average particle sizes without use of any halogenated solvent or co-solvent in the 
process. For example, l,3-dibromo-5,5-dimethylhydantoin with an average particle size of at least 
175 microns can now be readily formed pursuant to this invention. In fact, l,3-dibromo-5,5- 
dimethylhydantoin, with an average particle size of over 300 microns has been produced using a 
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process of this invention. As will be seen hereinafter, measurements carried out on samples of 
several commercially-available l,3-dibromo-5,5-dimethylhydantoins obtained from different 
commercial sources showed that the largest average particle size of these commercial products was 
only about 162 microns. 

One of the embodiments of this invention is a process for the N-halogenation of a compound 
having in the molecule at least one halogenatable amido or imido nitrogen atom. The process 
comprises concurrently, or substantially concurrently, feeding (a) a compound having in the molecule 
at least one N-halogenatable amido or imido nitrogen atom, (b) an inorganic base, (c) a brominating 
agent and/or a chlorinating agent, and (d) water, where (a), (b), (c), and (d) are fed individually 
and/or in any combination^) whereby the feeds come together in a reaction zone. In addition, (a), 
(b), (c)> and (d) are fed in proportions such that at least one such amido or imido nitrogen atom is 
substituted by a bromine or chlorine atom, thereby forming product which precipitates in an aqueous 
reaction mixture, and such that the pH of the aqueous reaction mixture is continuously or 
substantially continuously maintained in the range of 5.5 to 8.5 during all or substantially all of the 
time such feeding is occurring. 

Another embodiment involving the N-halogenation of a compound having in the molecule 
at least one halogenatable amido or imido functional group is a another concurrent feeding process. 
In this case, there are at least two separate but concurrent or substantially concurrent feeds to a 
reactor. One such feed is a brominating agent or a chlorinating agent One or more other separate 
feeds deliver to the reactor a compound having in the molecule at least one N-halogenatable amido 
or imido nitrogen atom, an inorganic base, and water. A preferred process of this embodiment 
comprises concurrently feeding into in a reaction zone: 

A) separate feeds of (i) an aqueous solution or slurry formed from an inorganic base and a 
compound having in the molecule at least one halogenatable amido or imido nitrogen atom, 
and (ii) a brominating agent and/or a chlorinating agent; or 

B) at least three separate feeds, one of which is a brominating agent and/or a chlorinating agent, 
and at least two other feeds, at least one of which is selected from (a) and (b); and at least one 
of which is selected from (c) and (d), wherein 

(a) is an aqueous solution or slurry formed from an inorganic base, 

(b) is an aqueous solution or slurry formed from an inorganic base and a compound 
having in the molecule at least one halogenatable amido or imido nitrogen atom, 
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(c) is a compound having in the molecule at least one halogenatable amido or imido 
nitrogen atom, and 

(d) is an aqueous solution or slurry formed from a compound having in the molecule at 
least one halogenatable amido or imido nitrogen atom; 

in proportions such that at least one such amido or imido nitrogen atom is substituted by a 
bromine or chlorine atom, thereby continuously or substantially continuously forming 
product which precipitates in an aqueous reaction mixture continuously or substantially 
continuously, during all or substantially all of the time the concurrent feeding is occurring, 
and such that the pH of the mixture is continuously or substantially continuously maintained 
in the range of 5.5 to 8.5 during all or substantially all of the time the concurrent feeding is 
occurring. 

Another preferred process for the N-halogenation of a compound having at least one 
halogenatable amido or imido functional group in the molecule is one in which there are in essence 
two separate feeds to effect the desired reaction. Such process comprises concurrently feeding 
separate feeds into a reaction zone so that the feeds form, or continue to form, a reaction mixture. 
These separate feeds are composed of (i) an aqueous solution or slurry formed from an inorganic base 
and a compound having in the molecule at least one halogenatable amido or imido nitrogen atom, 
and (ii) a brominating agent and/or chlorinating agent in proportions such that at least one such 
amido or imido nitrogen atom is substituted by a bromine or chlorine atom and the resultant product 
precipitates continuously or substantially continuously in an aqueous reaction mixture during all or 
substantially all of the time the concurrent feeding is occurring, and such that the pH of the mixture 
is continuously or substantially continuously maintained in the range of 6.5 to 8.5. 

A particularly preferred group of reactants used in the practice of this invention is comprised 
of the 5-hydrocarbyl and especially the 5,5-dihydrocarbyl hydantoins. Of these reactants the 5,5- 
diallcylhydantoins are even more preferred. Accordingly, still another preferred embodiment of this 
invention is a process for the production of a l,3-dihalo-5,5-dimethylhydantoin, which process 
comprises concurrently feeding into contact with each other feed streams of (i) water, inorganic base, 
and 5,5-dimethylhydantoin, these being fed separately and/or in any combination(s), and (ii) a 
separate feed of a brominating agent and/or a chlorinating agent, in proportions such that 1,3-dihalo- 
5,5-dimethylhydantoin is formed in an aqueous reaction mixture in which the pH of such mixture 
is continuously or substantially continuously maintained in the range of 6.5 to 8.5, and where the 1,3- 
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dihalo-5,5-dimethylhydantoin precipitates during all or substantially all of the time the concurrent 
feeding is occurring. 

Another preferred process of this invention is a process in which the N-halogenation is 
conducted on a semi-batch or more preferably on a continuous basis. Such process comprises: 

I) concurrently and continuously feeding into a reactor containing an aqueous reaction mixture: 

A) separate feeds of (i) an aqueous solution or slurry formed from an inorganic base and 
a compound having in the molecule at least one halogenatable amido or imiiio 
nitrogen atom, and (ii) a brominating agent and/or a chlorinating agent; or 

B) at least three separate feeds, one of which is a brominating agent and/or a chlorinating 
agent, and at least two other feeds, at least one of which is selected from (a) and (b); 
and at least one of which is selected from (c) and (d), wherein 

(a) is an aqueous solution or slurry formed from an inorganic base, 

(b) is an aqueous solution or slurry formed from an inorganic base and a 
compound having in the molecule at least one halogenatable amido or imido 
nitrogen atom, 

(c) is a compound having in the molecule at least one halogenatable amido or 
imido nitrogen atom, and 

(d) is an aqueous solution or slurry formed from a compound having in the 
molecule at least one halogenatable amido or imido nitrogen atom; 

in proportions such that at least one such amido or imido nitrogen atom is substituted by a 
bromine or chlorine atom and a precipitate of the resultant product precipitates in an aqueous 
reaction mixture during all or substantially all of the time the concurrent feeding is occurring, 
and such that the pH of the reaction mixture is continuously or substantially continuously 
maintained in the range of 5.5 to 8.5; and 

II) periodically or continuously removing precipitate and a portion of the reaction mixture from 
the reactor. 

When using a brominating agent in any of the above processes, it is possible pursuant to this 
invention to recover the bromine values produced as bromide in the process. Such an operation can 
improve the overall process economics. One such embodiment of the invention comprises: 
a) concurrently feeding into a reactor (i) water, inorganic base, and a compound having in the 
molecule at least one halogenatable amido or imido nitrogen atom, these components being 
fed separately and/or in any combination(s), and (ii) a separate feed of a brominating agent, 
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in proportions such that (iii) at least one such amido or imido nitrogen atom is substituted by 
a bromine atom, (iv) the product continuously or substantially continuously precipitates in 
an aqueous reaction mixture in which the pH is continuously or substantially continuously 
maintained in the range of 5.5 to 8.5, and (v) an aqueous solution of co-product inorganic 
bromide salt is formed; 

b) separating precipitate from the aqueous solution; and 

c) oxidizing co-product inorganic bromide salt in the solution to form elemental bromine. 
Preferably the pH in each of the above embodiments is maintained in the range of 6.5 to 8.5. 

It is particularly preferred to conduct the above processes while maint aining the pH within the range 
of 6.8 to 7.2, especially when the N-halogenatable reactant is a hydantoin. 

As noted above, each process of this invention can be conducted in a batch mode, in a semi- 
batch mode, or in a continuous mode. 

Other embodiments and features of the invention will become still further apparent from the 
ensuing description and appended claims. 

FURTHER DETAILED DESCRIPTION 

This invention is applicable to the N-halogenation of a wide variety of compounds having 
at least one halogenatable amido or imido nitrogen atom in the molecule. Thus, the compound may 
contain only a single halogenatable functionality or it may contain a plurality of such halogenatable 
functional groups. Moreover, the compound may contain both halogenatable amido functionality 
and halogenatable imido functionality in the molecule. Among typical N-halogenatable compounds 
that can be utilized in the process of this invention are such compound types as hydantoins, 
succinamides, succinimides, phthalamides, phthalimides, cyanuric acid, glycolurils, oxazolidinones, 
sulfonamides, barbiturates, imidazolinones, ureas, and oxazoles. For ease of reference such 
compounds are sometimes referred to hereinafter as N-halogenatable compounds. 

Throughout this disclosure the term "N-halogenatable" with reference to reactions involving 
amido groups (where the nitrogen atom can have two hydrogen atoms as substituents thereon), refers ■ 
to removal from the nitrogen atom of either one hydrogen atom or both hydrogen atoms being 
subjected to deprotonation and halogenation, unless the context expressly indicates that only one of 
such hydrogen atoms is to be removed or that both such hydrogen atoms are to be removed. 

In most cases the processes of this invention will be applied to the N-halogenation of N- 
halogenatable amides, especially cyclic amides, or to the N-halogenation of N-halogenatable imides, 
especially cyclic imides. However, of the N-halogenatable compounds, the hydantoins are preferred. 
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More preferred are 5-hydrocarbyl and 5,5-dihydrocarbyl hydantoins. Particularly preferred 
hydantoins are the 5-alkyl and 5,5-dialkyl hydantoins, especially those in which each alkyl group 
contains up to about € carbpji atoms. Still more preferred are 5,5-dialkyl hydantoins in which each 
alkyl group contains, independently, up to 3 carbon atoms. Most especially preferred is 5,5- 
5 dimethylhydantoin. 

A wide variety of inorganic bases are suitable for use in the process of this invention. 
Typically these are water-soluble basic salts or oxides of an alkali metal or an alkaline earth metal. 
Preferred bases include sodium oxide, sodium hydroxide, sodium carbonate, sodium bicarbonate, 
potassium oxide, potassium hydroxide, potassium carbonate, potassium bicarbonate, calcium oxide, 

10 calcium hydroxide, or a mixture of any two or more of them. 

Reactions pursuant to this invention can be carried out with various proportions of water, 
inorganic base, and N-halogenatable compound. When the inorganic base has a monovalent cation, 
the feeds should be controlled and maintained such that per liter of water being fed, there are from 
0.5 to 2.5 moles of halogenatable amido and/or imido nitrogen atoms to be deprotonated and from 

15 0.5 to 2.5 moles of the base. On the other hand, when the inorganic base has a divalent cation, the 
feeds should be controlled and maintained such that per liter of water being fed, there are 0.5 to 2.5 
moles of halogenatable amido and/or imido nitrogen atoms to be deprotonated, and from 0.25 to 1 .25 
moles of the base. 

In preferred embodiments the proportions among water, inorganic base, and N-halogenatable 
20 compound being fed are as follows: 

A) where the inorganic base has a monovalent cation, there are per liter of water, from 1 .0 to 1 .5 
moles of halogenatable amido and/or imido nitrogen atoms and from 1 .0 to 1 .5 moles of the 
base; and 

B) where the base has a divalent cation, there are per liter of water, 1.0 to 1.5 moles of 
25 halogenatable amido and/or imido nitrogen atoms and from 0.5 to 0.75 moles of the base. 

When conducting the preferred embodiments of this invention involving use of a 5,5- 
dialkylhydantoin, particularly 5,5-dimethylhydantoin, the proportions of water, inorganic base, and 
5,5-dimethylhydantoin being fed should be such that when using an inorganic base having a 
monovalent cation, there can be from 0.5 to 2.5 moles of 5,5-dimethylhydantoin and from 1 .0 to 5.0 
30 moles of the base, per liter of water being fed, and preferably from 1.0 to 1.5 moles of 5,5- 
dimethylhydantoin and from 2.0 to 3.0 moles of the base, per liter of water being fed. When using 
an inorganic base having a divalent cation, there can be from 0.5 to 2.5 moles of 5,5-dimethyl- 
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hydantoin and from 0.5 to 2.5 moles of the base, per liter of water being fed, and preferably 1 .0 to 
1.5 moles of 5,5-dimethylhydantoin and from 1.0 to 1.5 moles of the base, per liter of water being 
fed. 

In order to achieve the best results, the amount of base used is the stoichiometric quantity, 
or is substantially the stoichiometric quantity, theoretically required to deprotonate the nitrogen atom 
of at least one imido group of the N-halogenatable compounds, or to fully or partially deprotonate 
the nitrogen atom of at least one amido group of such compounds. Thus, if the N-halogenatable 
compound has but one halogenatable imido group in the molecule (and no halogenatable amido 
group), the amount of the base used will be sufficient to fully deprotonate the nitrogen atom of that 
imido group. Similarly, in the case of an N-halogenatable compound having 2 or more halogenatable 
imido groups in the molecule the amount of base used will be sufficient to deprotonate as many of 
the nitrogen atoms of such imido groups as is desired In the case of an N-halogenatable compound 
having a single halogenatable amido group in the molecule (/.*?., a group of the formula -CO-NH2), 
the amount of the base used can either be the amount sufficient to partially deprotonate such nitrogen 
atom (whereby monohalogenation is achieved on the nitrogen atom) or to fully deprotonate such 
nitrogen atom (whereby dihalogenation is achieved on the nitrogen atom). With N-halogenatable 
compounds having two or more halogenatable amido groups in the molecule, the amount of the base 
used can be such as to deprotonate to the desired extent one or more of such amido nitrogen atoms. 
When the N-halogenatable compound contains at least one halogenatable amido group and at least 
one halogenatable imido group {e.g., as in the case of a hydantoin), it is possible to selectively 
deprotonate the nitrogen atom of the imido group without significantly affecting the amido group. 
This is accomplished by employing an amount of the base stoichiometrically required to deprotonate 
the nitrogen atom of the imido group Q.e. 9 the functional group having the greater acidity). 
Alternatively, it is possible to deprotonate the nitrogen atom of the imido group and the nitrogen 
atom of the amido group by use of an amount of base sufficient to deprotonate the nitrogen atoms 
of both such groups. 

The water, inorganic base, and the N-halogenatable compound can be fed individually or in 
any combination or mixture. However, it is advantageous to feed the inorganic base as an aqueous 
solution either with or without the co-presence of the N-halogenatable compound. In this way, the 
heat generation that occurs when dissolving a base in water takes place prior to the introduction of 
such solution of aqueous base into the reaction zone. Most preferably, an aqueous solution of the 
inorganic base is formed, and to this solution is added the N-halogenatable compound. Such a 
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procedure not only safeguards against excessive heat generation which might otherwise adversely 
affect the N-halogenatable compound, but simplifies the feeding operation and control of the 
proportions being fed. For best results, it is desirable to employ feed solutions having in the range 
of 0.5 to 2.5 moles of the N-halogenatable compound per liter of water. In forming such solutions, 
5 use of aqueous alkaline solutions in the range of 0.5 to 5.0 moles of base per liter of water is 
preferred. 

In the practice of this invention, halogenation of the N-halogenatable compound is 
accomplished by use of a brominating agent and/or a chlorinating agent. Thus use can be made of 
bromine, chlorine, bromine chloride, bromine and chlorine, a bromide salt and chlorine and/or a 

10 source of hypochlorite anion, or an organic brominating or organic chlorinating agent such as N- 
bromosuccinimide, N-chlorosuccinimide, or pyridinium tribromide. Of these halogenating agents, 
bromine, chlorine, bromine chloride, bromine and chlorine, a bromide salt and chlorine and/or a 
source of hypochlorite anion are preferred. Particularly preferred are bromine and mixtures of 
bromine and chlorine (which will include or consist of bromine chloride). Without desiring to be 

15 bound by theoretical considerations, it is believed that the actual species which carry out the 
halogenation in the aqueous reaction mixture can include, for example, one or more of Br^ Cl^ BrCl, 
OBr e , OCl 9 , Br 3 0 , BrCl 2 9 , C1 3 G , CI®, and Br®. Whatever the actual halogenating species may 
be, the important thing is to feed to the aqueous reaction mixture a suitable halogenating agent that 
results in N-halogenation of at least one nitrogen atom of an amido or imido group of the compound. 

20 being halogenated. 

If both bromine and chlorine are used, they can be fed as separate feeds. Alternatively, they 
can be premixed in any desired proportions whereby the mixture being fed will contain bromine 
chloride, and if mixed in molar proportions other than 1:1, will also contain the halogen used in 
excess. In lieu of chlorine, an alkali or alkaline earth metal hypochlorite can be used as the chlorine 

25 source. Typically the hypochlorite salt will be fed in the form of an aqueous solution or slurry. 
However, it is also possible to feed a solid hypochlorite salt such as calcium hypochlorite directly 
into the aqueous reaction mixture. When bromination is desired, the feed can be an alkali metal 
bromide or an alkaline earth metal bromide, and a source of chlorine, such as chlorine or an aqueous 
solution or slurry of an alkali or alkaline earth metal hypochlorite, such as sodium hypochlorite 

30 solution, in amounts sufficient to generate bromine in situ. It is also possible to feed a solid 
hypochlorite salt such as calcium hypochlorite to the aqueous reaction mixture in order to generate 
the bromine in situ. Usually feeds of this type will result in formation of products containing both 
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bromine and chlorine in the molecule. While in principle other sources of bromine or chlorine may 
be used, such as organic compounds containing loosely bound bromine or chlorine, the use of such 
organic halogenating agents is not preferred as their use can complicate product workup and recovery 
operations. Moreover, such organic halogenating agents tend to be more expensive than such sources 
as bromine or chlorine, or sodium bromide and chlorine. 

The bromine or chlorine should be fed subsurface to the aqueous phase in the reaction zone 
so as to ensure intimate contact with the N-halogenatable compound being used. When using an 
alkali metal bromide or an alkaline earth metal bromide and chlorine to generate bromine in situ, the 
bromide salt can be fed as a separate feed, typically as a water solution, or it can be fed along with 
an aqueous solution or slurry formed from the water-soluble base and the N-halogenatable 
compound. In any such case, the chlorine used therewith should be fed subsurface to the aqueous 
phase in the reaction zone. 

Chlorine will typically be fed into the reaction mixture as a liquid, but can be fed in the vapor 
state, if desired. Bromine can be fed into the reaction mixture either as a gas or as a liquid. 
Preferably the bromine is fed in the vapor state subsurface to the liquid phase of the aqueous reaction 
mixture, and it is desirable to so feed the gaseous bromine in admixture with an inert gas such as 
nitrogen or argon. 

Although it is desirable and preferred to feed diatomic halogens (Cl 2 , Br 2 , BrCl, or mixtures 
thereof, and where the Cl 2 itself is being used as the chlorinating agent or is being used in 
combination with a bromine source such as an alkali metal bromide and/or an alkaline earth bromide) 
subsurface to the liquid phase of the aqueous reaction mixture, other ways of accomplishing the 
feeding can be used. One other way is to feed vaporous diatomic halogen into a headspace of a 
reactor while spraying aqueous reaction mixture and/or spraying or misting water into intimate 
contact with such vapors within the reactor. Other ways of establishing intimate contact of the 
diatomic halogen with the remainder of the components from which the aqueous reaction mixtures 
is formed include feeding the halogen as a liquid and/or as a solution into the aqueous reaction 
mixture, and in such case the halogen can be fed above the surface of the aqueous reaction mixture, 
if desired. In short, this invention contemplates the feeding of the halogen in any conceivable way 
that accomplishes the objective of bringing the components into intimate contact with each other so 
that the intended N-halogenation reaction will occur. In all cases, agitation of the aqueous reaction 
mixture is advantageous. 
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It is to be noted that when the term "subsurface" is used anywhere in this document, including 
the claims, the term does not denote that there must be a headspace in the reaction zone. For 
example, if the reaction zone is completely filled with the aqueous reaction mixture (with equal rates 
of incoming and outgoing flows), the term "subsurface" means in this case that the substance being 
fed subsurface is being fed directly into the body of the aqueous reaction mixture, the surface thereof 
being defined by the enclosing walls of the reaction zone. 

In this connection, in one of the embodiments of this invention, the N-halogenatable 
compound, inorganic base, brominating agent and/or chlorinating agent, and water can be fed either 
individually and/or in any combination^) including a combination of all such components. If all 
such components are fed in combination with each other, this can result in these components coming 
together outside of a typical reactor or reaction vessel. In practicing such feeding, the components 
can initially be brought into contact with each other in a mixing device in proximity to, but apart 
from, such reactor or reaction vessel. Suitable mixing devices include a static mixer, a conduit 
(preferably a conduit in which there is turbulent flow), or a jet mixer that produces a high velocity 
effluent stream. In all such cases, the mixing device itself in which all of the foregoing components 
first come into contact with each other is part of the reaction zone. 

The processes of this invention can be conducted in any of a variety of modes of operation. 
For example, the processes can be carried out in a batch mode, in a semi-batch mode with constant 
overflow, in a semi-batch mode without overflow, or in a continuous mode. The engineering details 
concerning such modes of process operation are well known in the art, as witness, for example, 
Perry's Chemical Engineer's Handbook, 4th Edition, McGraw-Hill, copyright 1963. 

In a continuous operation, usually and preferably, the effluent from the mixing device in 
which all of the foregoing components are first brought together is fed into a larger volume reactor 
or reaction vessel containing a body of the aqueous reaction mixture. Since reaction will begin 
essentially as soon as the foregoing components come into contact with each other, reaction will 
usually commence in such mixing device and will continue in the aqueous reaction mixture in the 
reactor or reaction vessel, which of course is also part of the reaction zone. Thus, it is desirable to 
place the mixing device, when using a mixing device, in close proximity to the larger volume reactor 
or reaction vessel and to move the components rapidly into, through, and from the mixing device and 
into a larger volume of aqueous reaction mixture in the larger reactor or reaction vessel. In this way, 
the time between initial contact among all of the components and the time when the aqueous reaction 
mixture comes into contact with a larger volume of the aqueous reaction mixture is kept short enough 
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so that the temperature of the reaction mixture at any stage of the operation does not exceed about 
90°C, and preferably does not exceed about 70°C. If desired, the mixing device, if used, can be 
cooled by indirect heat exchange with a cooling or refrigerated fluid. 

When using a conduit with turbulent flow therein as the mixing device, such conduit can 
itself constitute the entire reactor or reaction vessel in a continuous operation. In other words, the 
reactor or reaction vessel itself can be a tubular reactor of sufficient length and volume for the 
reaction and precipitate formation to occur therein. 

Preferably, the reactants are concurrently fed into a reaction zone composed of at least one 
reactor in which all of the components - whether fed individually or in any subcombination(s) - all 
come together for the first time and in which the N-halogenation reaction is initiated and carried out 

Preferably the concurrent feeds in the processes of this invention are continuous feeds. It is 
also preferable that the feeds are co-feeds - two feeds are utilized, namely (i) an aqueous 
solution or slurry formed from an inorganic base and a compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom, and (ii) a brominating agent and/or chlorinating agent 
However, it is also within the scope of this invention to conduct a tri-feed or other multi-feed 
process. Indeed, it is possible to utilize, for example, both a co-feed and a tri-feed although such an 
operation offers no particular advantage. In all cases, the feeds are proportioned such that at least 
one amido or imido nitrogen atom in the molecule is substituted by a bromine or chlorine atom. 
Product formation occurs almost immediately upon the reaction components coming in contact with 
each other, and if no sohds-containing heel or solids-free mother liquor from a prior reaction is used, 
precipitation begins shortly thereafter. Once precipitation has commenced, product formation and 
precipitation occur continuously or substantially continuously during the concurrent feeds. When 
a sohds-containing heel or solids-free mother liquor from a prior reaction is used, the precipitation 
begins almost immediately and continues to occur continuously or substantially continuously during 
the concurrent feeds. The feeds are proportioned such that the pH in the aqueous reaction mixture 
is maintained or substantially continuously maintained in the range of 5.5 to 8.5, preferably in the 
range of 6.5 to 8.5, and most preferably in the range of 6.8 to 7.2. In conducting the process, the 
materials in the concurrent feeds should rapidly come into intimate contact with each other. Thus, 
it is preferred to introduce the separate, but concurrent feeds, in close or relatively close proximity 
to each other and to provide sufficient agitation to cause such rapid intimate contact and resultant 
interaction among the components being fed. 
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In conducting the processes of this invention, observations to date indicate that the reaction 
and precipitate formation are extremely fast. When no solids-containing heel or solids-free mother 
liquor from a prior reaction is used, the slight delay in the commencement of precipitate formation 
at the beginning of the concurrent feeds is believed to be simply the time required for the aqueous 
5 reaction mixture to become suitably saturated with the product. When a solids-containing heel or 
solids-free mother liquor from a prior reaction is used, little or no delay occurs in the commencement 
of precipitate formation at the beginning of the concurrent feeds. Because the rapidity of the 
reaction, upon termination of the concurrent feeds, precipitation may continue to occur in the 
aqueous reaction mixture for only a very short period of time. 

10 The use of the term "concurrent" does not exclude the possibility of inconsequential 

interruptions taking place during the feeds. Nor does this term imply that the feeds must start at 
exactly the same moment in time. In the case of a co-feed process, the two feeds can be initiated 
with an interval of time between such initiation as long as the interval is sufficiently short as to cause 
no material adverse effect upon the overall process. Likewise in the case of a tri-feed or multi-feed 

15 operation, there may be one or two different time intervals between or among the respective feeds, 
again provided that the time intervals are of sufficiently short duration to cause no material adverse 
effect upon the overall process. 

The processes of this invention, whether performed in a batch mode, semi-batch mode, or 
continuous mode, are preferably conducted so that such things as the feeds, reaction, precipitate 

20 formation, and maintenance of specified pH occur "continuously" during the reaction. However, it 
cannot be stressed strongly enough that one must not gain the impression that inconsequential 
interruption in one or more of such things cannot occur. Interruptions which do not materially affect 
the conduct of the process are not excluded from the scope of this invention. To safeguard against 
hypertechnical legalistic word interpretation, it has been deemed prudent to employ terms such as 

25 "substantially continuously" in describing this invention. But whatever the terms used, the process 
should be conducted as one of ordinary skill in the art would carry out the processes after a thorough, 
unbiased reading of this entire disclosure and in keeping with the spirit of the invention gained from 
such a reading. 

When conducted in a batch mode or when initiating a semi-batch or continuous process, it 
30 is preferred, although not required, to initially charge to the empty reactor either a solids-containing 
heel of a reaction mixture from a prior reaction in which the product to be formed had been formed 
or a solids-free mother liquor from such a prior reaction. Such heel or mother liquor typically has 
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a pH in the range of 6 to 7, and usually contains up to 2 wt% of the product and/or a precursor 
thereof Then the concurrent, suitably-proportioned feeds are initiated, typically at room temperature, 
and precipitate formation commences almost immediately, and in any event within a few minutes. 
In a batch operation, the feeds are typically continued until the reactor has been, or until the reactors 
5 have been, filled to the desired level. Usually at this point, the feeds are terminated, and the N- 
halogenated product which has formed and precipitated is recovered, typically by filtration, 
centrifugation, or decantation. Since the reaction is exothermic and rapid, long ride periods at the 
end of the feeding are normally unnecessary. 

When operating in a continuous mode and once the continuous feeds have been initiated, the 

10 feeds may be adjusted in fine tuning the operation so as to establish and maintain the desired 
operating conditions for the steady-state operation. Such operation typically can be conducted 
without mishap for long periods of time before shutdown, e.g., for plant maintenance. 

It can be seen therefore, whether operating in a batch mode, a semi-batch mode, or in a 
continuous mode, the initiation of the reaction with the utilization of a heel or mother liquor enables 

15 the more rapid achievement of efficient, steady-state operation than if a heel or mother liquor is not 
employed. 

When feeding the brominating agent and/or chlorinating agent into the reactor, best results 
are achieved when such halogen source is introduced directly into the body of liquid within the 
reactor, z.e. , below the surface of the heel or mother liquor when starting up the reaction and below 
20 the surface of the aqueous reaction mixture once the reaction has commenced. This will minimize 
the possibility of some of the halogen remaining in the headspace in the reactor and thus not 
participating in the reaction. Also feeds subsurface to the liquid phase of the reactor contents avoid 
splattering which can occur when, for example, liquid bromine strikes the surface of an aqueous 
mixture. 

25 In a batch operation the aqueous reaction mixture is largely created and increased in volume 

by the feeds. In operations conducted in the batch, semi-batch, or continuous mode, it is highly 
desirable to vigorously agitate the reaction mixture to ensure thorough mixing of the reaction 
components. 

Because of the short reaction and precipitation times which are features of processes of this 
30 invention, it is possible, indeed preferred, to conduct the processes in a semi-batch mode, and more 
preferably in a continuous mode. This in itself is a rarity, as the literature on N-halogenation of 
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amides or imides is replete with teachings involving only batch operations. In the continuous mode, 
reactor size can be substantially reduced without a loss in product output 

If the reaction is performed in a reactor of sufficient size, the volume of the reactor contents 
can be cycled between predetermined low and high volumes with initiation of rapid draining when 
the volume reaches the high volume of reactor contents, and with discontinued draining once tihe 
volume reaches the low volume of reactor contents. However, it is preferred to conduct the process 
so that the volume of the contents of the reactor and the volume of the precipitate and portion of the 
reaction mixture removed from the reactor are equal or substantially equal whereby the volume of 
reactor contents remains constant or substantially constant. In this way, reactors with smaller 
volumes can be employed. 

Thus, once steady-state conditions have been achieved in a continuous reactor, the separate 
feeds can be fed in appropriate proportions on a continuous basis, and the reactor contents 
maintained under the appropriate reaction conditions for virtually unlimited periods of time. 
Concurrently, a portion of the reaction mixture including precipitate (which mixture typically is in 
the form of a slurry) is being removed, usually and preferably continuously, from the reaction 
mixture so that the volume of the contents of the reactor remains more or less constant. 

Another feature of this invention is that the co-product is a relatively pure aqueous saline 
solution, thus minimizing environmental and disposal problems. Moreover, when using bromine as 
the halogen and an alkali or alkaline earth metal salt or oxide as the base in the process, the resultant 
co-product is an aqueous solution of alkali or alkaline earth metal bromide from which bromine can 
be recovered by oxidation of bromide ion to elemental bromine, for example by treatment of the 
solution with chlorine. 

In typical, properly conducted batch operations, during at least about 80% of the period of 
time the separate feeds are being fed concurrently, and preferably during at least about 90% of the 
foregoing period of time, precipitate is being formed that typically is essentially pure product {e.g. , 
with a purity of at least about 97%, and often as much as 99.9% purity). Also, typically the desired 
product is formed in a yield of at least about 80%, and often as high as 94% or more, based on the 
amount of the compound having at least one halogenatable amido or imido nitrogen atom used in the 
reaction. In typical, properly conducted continuous operations, once steady-state operation has been 
achieved, precipitate is continuously being formed that (a) also typically has a purity of at least about 
96%, and often as much as 99.9%, and (b) typically is formed in a substantially continuous yield of 
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at least about 85% based on the amount of the compound having at least one halogenatable amido 
or imido nitrogen atom being fed as a reactant in the process. 

When properly conducted, the processes of this invention can produce l,3-dihalo-5,5- 
dimethylhydantoins with an average particle size of at least about 200 microns, and often 
5 significantly larger than this. 

If bromine is to be generated in situ, this is best accomplished by reaction between a suitable 
oxidant, preferably chlorine, and a bromine source such as a water-soluble alkali or alkaline earth 
metal bromide. 

The processes of this invention can be carried out in various ways, such as in a batch mode, 

10 in a semi-batch mode, or, preferably, in a continuous mode. When conducting a continuous 
operation, it is desirable to design the operation such that the average residence time falls within the 
range of 15 to 100 minutes, and preferably in the range of 30 to 60 minutes. As with all of the 
numerical ranges given herein, departures therefrom are permissible whenever deemed necessary or 
desirable, provided only that such departures do not materially detract from the efficacy and 

15 effectiveness of the process. 

An important feature of this invention is the concurrent feeding of the separate feeds referred 
to above. It is again to be emphasized that the term "concurrent" does not imply that the feeds must 
start at exactly the same time or that they must stop at exactly the same period of time. Rather, the 
term is used in the sense that during substantially the entire reaction period, the designated feeds are 

20 being maintained. It should also be understood that while these concurrent feeds are preferably 
continuous concurrent feeds, slight interruptions in a feed are acceptable provided that the duration 
of the interruption is sufficiently small as to cause no material disruption in the reaction. Thus as 
used herein, the terms "concurrent" and "continuous" should be understood to embrace the minor 
departures just referred to. Naturally, those skilled in the art will strive to utilize the concurrent feeds 

25 with as little nonconcurrence as possible. Likewise, those skilled in the art will of course seek to 
maintain the continuous feeds with as few interruptions as possible under the given circumstances 
in which the operation is being conducted. However, because the reaction .mixtures are generally 
capable of standing for days without material change in composition, it is possible to interrupt an 
uncompleted operation (whether conducted in a batch mode, in a semi-batch mode, or in a 

30 continuous mode) for long periods of time should this become necessary. 

Another highly important feature of this invention is the maintenance of the correct pH in the 
aqueous reaction mixture throughout substantially the entire reaction period. Here again, it is 
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possible for slight departures to occur in the pH, particularly at the outset of the reaction. Such 
departures are within the ambit of this invention provided of course that no material adverse effects 
are encountered as a result of such departures. As noted above, the processes of this invention are 
typically conducted at a pH within the range of 5.5 to 8.5, and preferably in the range of 6.5 to 8.5. 
5 However, for best results the pH is most preferably maintained within the range of 6.8 to 7.2. 

To maintain the desired pH in the aqueous reaction mixture, the rates at which the feeds of 
the base and the halogenating agent play an important role. In particular, the halogen should be fed 
or generated in situ at a rate insufficient to depress the pH below the desired level (e.g., 5.5, or 
preferably 6.5, or most preferably 6.8). In other words, the feed of halogen or the generation of 

10 halogen in situ should not be such as to decrease the pH (increase the acidity) of the reaction mixture 
to a pH significantly below about 5.5 for any substantial period of time. Likewise, the base, whether 
fed singly, as an aqueous solution of base, or in admixture with water and the N-halogenatable 
compound, should be fed at a rate insufficient to increase the pH above the desired level (e.g., 8.5 
or preferably 7.2). Thus, the feeds should be suitably coordinated so as to maintain the pH of the 

15 reaction mixture within the ranges specified herein. 

While on the subject of pH control, some additional points are worthy of consideration. First 
of all, operations at low pH (/.e., in the range of 5.5 to 6.5) while technically feasible, are less 
desirable from an economic standpoint because an unnecessarily excessive amount of the halogen 
is present in the reaction mixture. In addition, it is possible that some depreciation in product quality 

20 may be encountered under such more acidic conditions. On the other hand, operations in which the 
pH drifts above about 8.5 for any significant length of time are not desirable because in general the 
solubility of the desired product in the aqueous reaction mixture tends to increase under such 
elevated pH conditions. Under idealized operating conditions, which seldom, if ever, can be 
achieved in plant scale operations, the process would be conducted at precisely a pH of 7.0. 

25 However, as a practical matter, deviation from such ideal condition will inevitably be encountered. 
Thus, in fine-tuning an operation utilizing a process of this invention, one should strive to provide 
throughout at least most of the reaction time, a very slight stoichiometric excess of the halogen 
source relative to the N-halogenatable compound to ensure achievement of complete halogenation 
to the desired level. For example, if monohalogenation of an N-halogenatable compound having 

30 more than one halogenatable nitrogen atom is desired, it is preferable to maintain in the reaction 
mixture during substantially the entire time the feeds are being carried out slightly more than one 
equivalent of the halogen relative to the N-halogenatable compound. Similarly, if multi-halogenation 
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of an N-halogenatable compound having more than one halogenatable nitrogen atom is desired, in 
order to minimize underhalogenation, slightly more than the number of equivalents of halogen atoms 
to be introduced into the N-halogenatable compound should be employed, and should be maintained 
in the reaction mixture during substantially the entire time the feeds are being carried out. 

The proportions of brominating agent and/or chlorinating agent relative to the N- 
halogenatable compound should be such that there are in the range of 1 .9 to 2. 1 atoms of the halogen 
per halogenatable amido or imido nitrogen atom to be halogenated. Thus in the case of 5,5- 
dihydrocarbylhydantoins such as 5,5-dimethylhydantoin the proportions concurrently being fed to 
the reaction zone are such that there are in the range of 3.8 to 4.2 atoms of halogen per molecule of 
the 5,5-^lialkylhydantoin. As previously noted, under ideal conditions the number of atoms of 
halogen per amido or imido nitrogen atoms to be halogenated would be precisely that amount 
required to produce the desired product without any deviation whatsoever from the selected 
stoichiometry. The fact that the foregoing ranges dip below and extend above such an ideal ratio 
simply reflects the fact that under actual large scale plant operating conditions, one can operate at 
slightly below the ideal ratio or slightly above the ideal ratio without material adverse effect relative 
to the optimum results achievable under such conditions. To the extent possible, it is preferable to 
operate with a slight excess of the halogen relative to the N-halogenatable compound in the reaction 
mixture (Le. 9 in the range of 2.0 to 2.1 atoms of halogen per halogenatable amido or imido nitrogen 
atom to be halogenated) rather than operating continuously in the range of 2.0 to 1 .9. This ensures 
full halogenation to the extent desired without use of excessive halogen and consequent loss of raw 
materials. 

Thus, when using bromine or generating bromine in situ and forming a product of white 
coloration such as l,3-dibromo-5,5-dimethylhydantoin, a convenient way of monitoring the rate of 
bromine addition or generation is to feed or generate the bromine at a rate such that the color of the 
reaction mixture is bright yellow to reddish yellow. The appearance of a reaction mixture having a 
reddish coloration would indicate that an excessive amount of bromine is present. Other ways of 
monitoring the halogen present can be used if desired, such as by use of pH meters, chemical pH 
indicators, and/or the like. Also the halogen feed or generation can be monitored by combinations 
of any two or more suitable methods for determining pH, such as a combination of color observations 
as described earlier in this paragraph, and use of one or more pH meters, concurrently or sequentially, 
or in any other suitable manner. If a combination of two or more ways of measuring pH are used, 
and if by chance disparate pH measurements result, one should rely upon the method previously 
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determined in actual practice to give the most accurate and reproducible results. Use of carefully 
calibrated commercially-available pH meters is currently believed to be one of the most reliable ways 
of determining pH, but it is not intended that the scope of this invention be limited to use of pH 
meters. 

5 Still another feature of this invention is that the concurrent feeding of the components enables 

the maintenance within the reactor of an aqueous reaction mixture of sufficiently low concentration 
that the reaction can be conducted at elevated temperatures (e.g., 40 to about 90°C) without material 
decomposition of most N-halogenatable compounds or the N-halogenated products thereof, 
depending of course upon the thermal decomposition temperature of the particular compound being 

10 utilized. In sharp contrast, heretofore it has been commonplace to cool the reactor to temperatures 
as low as about 5°C in order to ameliorate the problem of decomposition due to presence of 
excessive base in the system to which the halogen is added. Pursuant to this invention, it is preferred 
when operating in a continuous mode to feed the components from which the aqueous reaction 
mixture is composed in amounts such that the ratio of (i) the volume of the aqueous reaction mixture 

15 in liters to (ii) the moles of N-halogenatable compound being fed to the reaction mixture per minute 
is in the range of 10 to 100 liters per mole per minute, and preferably in the range of 30 to 60 liters 
per mole per minute. Similarly, when operating in a batch mode wherein the feeds are to at least one 
reactor, until the volume of the reaction mixture reaches 50 percent of the total volume of the 
reactor(s), the feeds to the reaction mixture are maintained such that the ratio of (i) the volume of the 

20 reaction mixture in liters to (ii) the moles of the N-halogenatable compound being fed to the reaction 
mixture per minute is in the range of 1 0 to 1 00 liters per mole per minute, and preferably in the range 
of 20 to 80 liters per mole per minute. Then, when the volume of the reaction mixture is 50 percent 
or more of the total volume of the reactor(s), the feeds to the reaction mixture are such that the ratio 
of (i) the volume of the reaction mixture in liters to (ii) the moles of the N-halogenatable compound 

25 being fed to the reaction mixture per minute is in the range of 30 to 60 liters per mole per minute. 
By operating a continuous, semi-batch, or batch process using the foregoing ratios, the N- 
halogenatable compound and the N-halogenated derivative thereof are less susceptible at essentially 
neutral pH conditions (e.g. , 6.8-7.2) to thermal decomposition from the heat of reaction. 

In conducting the processes of this invention, the reaction temperatures can be varied within 

30 a reasonable range. Typically, the reaction temperature will fall within the range of 0 to 90°C 
although under some conditions departures from this temperature range may prove acceptable under 
particular circumstances. Oftentimes temperatures in the range of 20 to 80°C or 90°C will be found 
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more efficacious. However, temperatures within the range of 30 to 70°C are generally preferred 
inasmuch as reactions performed at these temperatures tend to produce products in the highest yields. 
It is most preferred to perform the reaction at temperatures in the range of 40 to 60 °C, especially 
when utilizing a hydantoin such as 5,5-dimethylhydantoin, and bromine as the halogen source. 
Temperatures in the range of 40 to 60°C are most preferred because operations conducted within this 
range produce product of large particle size in high yield at fast reaction rates and in the most cost- 
effective manner. When conducting the N-halogenation reaction at temperatures above the boiling 
temperature of the halogen being fed, it is desirable to feed the halogen subsurface to the liquid phase 
of the aqueous reaction mixture. In such a case, it is particularly desirable to feed the halogen diluted 
with an inert gas. 

Typically the aqueous reaction mixtures of this invention will be formed, in essence, from 
four types of components, viz,, the N-halogenatable compound, the brominating agent and/or 
chlorinating agent, the inorganic base, and water. Although it is preferable to minimi?* the number 
of components in the aqueous reaction mixture, it is possible to include one or more additional 
components in such mixtures, provided of course that such other components) cause(s) no material 
deleterious effect on the reaction or precipitate formation. For example, while not ordinarily 
recommended, it is possible to include certain organic solvents, especially water-miscible organic 
solvents in the aqueous reaction mixture. Such organic solvent(s) should be in proportions that do 
not result in a disproportionately large amount of the desired N-halogenated end product remaining 
in solution, unless of course the solvent is to be subsequently removed, for example, by distillation. 
At least one potentially beneficial use of an organic solvent involves periodically including one or 
more organic solvents in the feeds to the reaction zone of the process being operated in a continuous 
mode in order to dissolve or dislodge encrustations of precipitate that may have built up in the 
reaction zone. If an organic solvent is to be included in the aqueous reaction mixture, besides not 
unduly affecting the intended N-halogenation reaction adversely, in the usual situation the solvent 
should not consume bromine or chlorine. Also, the solvent should not react with the intended N- 
halogenation product, should not interfere with the in situ generation of bromine (if such is being 
used), and should not result in formation of an unworkable or overly pasty or sticky precipitate or, 
in general have any other material adverse effect upon the conduct or further conduct of the process. 
A few examples of organic solvents that may be considered for use are N^-dimethylformamide, 
dimethylsulfoxide, one or more C M alkanols, tetrahydrofuran or other saturated ethers, or the like. 
Therefore, unless expressly stated otherwise, the term "aqueous reaction mixture" as used anywhere 
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in this document, including the claims, does nor exclude die presence of one or more organic 
solvents, provided no material adverse effect upon the reaction or precipitate formation or product 
characteristics is caused by the presence of such solvents) in the amount in which present relative 
to the total amount of the overall reaction mixture. 

The components of the reaction mixture should be agitated to a sufficient extent so as to 
avoid localized concentrations of either halogen or base. Thus, for example, in laboratory scale 
operations, stirring rates in the range of 300-600 rpm have been found desirable for achieving good 
mixing within the reaction vessel. In plant scale operations use of a continuously stirred reactor is 
thus recommended. 

Yet another feature of this invention is the fact that the processes can be conducted 
adiabatically without material reduction in reactor throughput. Thus even when the process is 
conducted without adding heat energy into the reaction mixture and without recourse to refrigeration, 
or use of a flowing liquid heat transfer agent, or other ways of cooling (except possibly for normal 
unassisted heat transfer through the reactor walls to the surrounding atmosphere), the heat buildup 
from the exothermic reaction can be readily controlled without materially reducing feed rates. Such 
control can be achieved by maintaining a dilute aqueous reaction mixture, e.g., by operating a 
continuous, semi-batch, or batch process using the ratios of volume of reaction mixture to moles of 
N-halogenatable compound being fed per minute as described hereinabove. Despite such dilution, 
the reaction and precipitate formation nonetheless can proceed rapidly under such adiabatic 
conditions. 

Even though adiabatic operation is possible, when conducting the processes of this invention, 
especially in a continuous mode, it is preferred to utilize a flow of cooling water or other heat 
exchange liquid for indirect heat exchange with the reactor contents to ensure maintenance of steady- 
state temperature conditions in the reaction mixture. If desired, however, the processes of this 
invention can be conducted using refrigeration. 

From the foregoing it can be seen that this invention involves an interrelationship among 
controllable reaction variables which result in the production of high quality products in high yield 
in rapid reactions. Thus, this invention features, inter alia, concurrent feeds of the reaction 
components with specified control of pH by means of feed rates. In preferred embodiments, 
adjustment and control of temperature enables rapid formation of product in high yield and with large 
particle size. Also, utilization of reaction mixtures in highly diluted conditions contributes 
materially, in preferred embodiments, to high yields and allows greater flexibility in operating 
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temperatures. Moreover, the rapid precipitate formation under steady-state conditions makes 
possible the use of short residence times in continuous operations, and thus contributes materially 
to improved plant throughput 

As can be readily seen from the Examples hereinafter, this invention makes possible the 
provision of l,3-dihalo-5,5-dimethylhydanto^ with large average particle sizes. For example, by 
use of this invention it is now possible to produce l,3-dibromo-5,5-dimethylhydantoin particulate 
solids having an average particle size of at least about 175. microns. In fact, l,3-dibromo-5,5- 
dimethylhydantoin particulate solids having an average particle sizes of greater than 200, 300, and 
even as much as over 500 microns have been obtained by use of the present process technology. So 
far as is known, despite the ability to produce some hydantoin compounds comprised of large 
particles, l,3-dibromo-5,5-dimethylhydantoin with an average particle size of 175 microns or greater 
has not been produced heretofore. Moreover, the l,3-dihalo-5,5-dimethyIhydantoins produced by 
processes of this invention are devoid of traces of organohalide solvent residues inasmuch as these 
products are formed in the absence of any halogenated organic solvent such as methylene chloride. 

Because this invention enables the direct production of l,3-dibromo-5,5-dimethylhydantoin 
reaction products in which the recovered l,3»dibromo-5,5-dimethylhydantoin particulate solids have 
an average particle size of at least 1 75 microns, several very substantial advances in the art are made 
possible. For example, it has been discovered that l,3-dibromo-5,5-dimethylhydantoin particulate 
solids having average particle sizes above 175 microns: 

a) are far easier to handle because of their much lower dusting tendencies; 

b) have flow properties through pipes and conduits and from hoppers that are far superior, 

c) could be pressure compacted into shape-retentive tablets without use of a binder and without 
breakage occurring, whereas samples of commercially-available l,3-dibromo-5,5- 
dimethylhydantoin particulate solids from several different sources could not be converted 
into tablets in the same manner without breakage occurring. 

The following Examples are presented to illustrate the practice of, and advantages made 
possible by, this inventioa These Examples are not intended to limit, and should not be construed 
as limiting, the scope of this invention to the particular operations or conditions described therein. 
In each run of Examples 1-10 and in Example 13, pH was monitored by use of a pH meter, and 
bromine was fed using a Cole-Parmer Masterflex computerized drive and Easy-Load® pump head. 
When conducting the continuous operations of Examples 9 and 10, the resulting reaction slurry was 
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collected manually and intermittently from the bottom of the reactor. Each fraction was collected 
in a 500 mL flask. 

EXAMPLE 1 

235 Grams of NaOH (5.85 mol) are dissolved in 1800g of water, and 375g of 5,5- 
5 dimethylhydantoin (2.93 mol) is added to the NaOH solutioa There are 935g of Br 2 (5.85 mol) in 
the bromine reservoir. A 1-liter jacketed flask into which the Br 2 and the 5,5-dimethylhy- 
dantoin/NaOH solution are fed is maintained at 25°C with a cooling bath. The 5,5-dimethylhy- 
dantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, Br 2 . 
The feed of the 5,5-dimethylhydantoin/NaOH solution was initiated shortly before (e.g., 3-4 min.) 
10 the initiation of the Br 2 feed. The feed rate of the 5,5-dimethylhydantoin/NaOH solution is 10 
mL/minxite, and the feed rate of the Br 2 is 1 .60-1 .70 mL/minute. The reaction mixture is stirred with 
a mechanical stirrer at a rate of 350-400 rpm. During the reaction, the pH ranged from 7.4 to 7.9. 
The slurry that forms as the reaction progresses is collected at a rate such that the level of the solution 
in the reaction flask remains constant. 500 mL fractions of product are collected through the bottom 
15 of the reaction flask, in an average time of 30 minutes per fraction. When the 5,5-dimethylhy- 
dantoin/NaOH solution feed is finished, 86g of Br 2 (0.54 mol) remains in the bromine reservoir. 

Each product fraction is filtered and washed with three 500 mL portions of water, and the 
solid is then dried under a stream of nitrogen. The isolated yield of l,3-dibromo-5,5-dimethyl- 
hydantoin is 673g, a yield of 80% based on 5,5-dimethylhydantoin, or a yield of 89% based on Br 2 . 
20 The active bromine content is at least 99%, as determined by iodometric titration. 

EXAMPLE 2 

44 Grams of NaOH (1.1 mol) are dissolved in 33 8g of water, and 70.4g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 175.1g of Br 2 (1.1 mol) in the 
bromine reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH 

25 solution are fed is maintained at 35°C with a heating bath. The reaction flask is charged with -200 
mL heel (238g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5- 
dimethylhydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately 
from, Br 2 . The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged from 6.9 to 8.2. The reaction temperature stabilized at 37°C during the 0.5 

30 hour addition time. When the addition of reagents is finished, the orange slurry is filtered at 35°C 
and washed with 650 mL of water. The resultant white solid is dried overnight under a stream of 
nitrogen. The isolated yield of l,3-dibromo-5,5-dimethylhydantoin is 147.6g, a yield of 94%, and 

23 



WO 01/53270 



PCT/US01/01544 



the active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 55.1 wt% (98.6% of the 
theoretical value), as determined by iodometric titration. 

EXAMPLE 3 

44 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.4g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 172.0g of Br 2 (1.07 mol) in the 
bromine reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH 
solution are fed is maintained at 67°C with a heating bath. The reaction flask is charged with -200 
mL heel (238g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5- 
dimethylhydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately 
from, Br 2 . The bromine is diluted with nitrogen and fed below the surface of the solution in the 
reaction flask The reaction mixture is stirred with a mechanical stirrer at a rate of 400 ipm; the pH 
ranged from 6.7 to 7.1 during the reaction. During the 0.5 hour addition time, the reaction 
temperature stabilized at 67°C. When the addition of reagents is finished, the orange slurry is 
discharged from the reaction flask into a beaker and allowed to cool slowly. The slurry is filtered 
at ~45°C and washed with two 500 mL portions of water. The resultant white solid is dried 
overnight under a stream of nitrogen. The isolated yield of l,3-dibromo-5,5-dimethylhydantoin is 
130.5g, a yield of -83% based on 5,5-^iimethylhydantoin, or a yield of -85% based on Br 2 . The 
active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 55.9 wt% (100% of the 
theoretical value), as determined by iodometric titration. Particle size data on the l,3-dibromo-5,5- 
dimethylhydantoin product formed in this operation based on a representative dried sample of the 
product are summarized in Table 1 . 



TABLE 1 







Average 


237.5u 


10% is greater than 


371. 6u 


25% is greater than 


309.8u 


50% is greater than 


239.1u 


75% is greater than 


165.6u 


90% is greater than 


99.81u 


Range 


0.040-541.9^ 
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EXAMPLE 4 

354 Grams of NaOH (8.85 mol) are dissolved in 2700g of water. 562g of 5,5-dimethyl- 
hydantoin (4.386 mol) is added to the NaOH solution. The reaction flask is charged with 500 mL 
heel of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethyIhy- 
dantoin/NaOH solution is co-fed to the jacketed reaction flask, no heating or cooling is applied 
simultaneously with, but separately from, Br 2 . The feed rate of the 5,5-dimethylhydantoin/NaOH 
solution is 10 mL/minute, and the feed rate of the Br 2 is initially 1 .70 mL/minute, but is adjusted later 
to 1 .68 mL/minute to maintain the pH of the reaction mixture at ~7.0. The reaction mixture is stirred 
with a mechanical stirrer at a rate of 400 rpm reaction temperature is stabilized at about 42°C. The 
slurry that forms as the reaction progresses is collected at a rate such that the level of the solution in 
the reaction flask remains constant. Eight 500 mL fractions of product were collected through the 
bottom of the reaction flask, in an average time of 30 minutes per fraction. A total of 1374.5g of Br 2 
(8.59 mol) are added during the reaction. 

Each product fraction is filtered and washed with a 500 mL portion of water; the solids are 
then dried overnight at 50°C in a vacuum oven. The total isolated yield of l,3-dibromo-5,5- 
dimethylhydantoin is 1 1 52g, a yield of 92% based on 5,5-dimethylhydantoin, or ayield of 94% based 
on Br 2 . The active bromine content of the l,3-dibromo-5,5-dimethylhydantoin ranges from 55.4 wt% 
to 55.7 wt% (99.1% to 99.7% of the theoretical value), as determined by iodometric titration. The 
average particle size of the l,3-dibromo-5,5-dimethy%dantom is greater than 150ja. 

EXAMPLE 5 

89 Grams of NaOH (2.2 mol) are dissolved in 676g of water, and 141 g of 5,5-dimethyl- 
hydantoin (1.1 mol) is added to the NaOH solution. There are 350g of Br 2 (2.2 mol) in the bromine 
reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH solution are 
fed is maintained at 67°C with a heating bath. The reaction flask is charged with -400 mL heel 
(483g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethylhydan- 
toin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, Br 2 . The 
reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the reaction, the pH 
ranged from 6.8 to 7.1 . The reaction temperature stabilized at 67°C during the 66 minute addition 
time. When the addition of reagents is finished, the orange slurry is filtered at 43°C and washed with 
1000 mL (2x500 mL) of water. The resultant white solid is dried overnight under a stream of 
nitrogen. 307.3 Grams of Br 2 (1 .92 mol) had been fed to the reaction flask. The isolated yield of 1,3- 
dibromo-5,5-dimethylhydantoin is 212.5g, a yield of 77% based on Br 2 , and 68% based on 5,5- 
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dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 55.9 
wt% (100% of the theoretical value), as determined by iodometric titration. 

EXAMPLE 6 

88 Grams of NaOH (2.2 mol) are dissolved in 338g of water, and 140.8g of 5,5-dimethyl- 
hydantoin(l.l mol) is added to the NaOH solution. There are 352gofBr 2 (2.2 mol) in the bromine 
reservoir. The reaction flask into which the Br 2 and the 5,5-^iimethylhydantoin/NaOH solution are 
fed is maintained at 69°C with a heating bath. The reaction flask is charged with -200 mL heel 
(240g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethylhydan- 
toin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, Br 2 . The 
reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the reaction, the pH 
ranged from 6.8 to 7.0. The reaction temperature stabilized at 68-69°C during the 39 minute addition 
time. When the addition of reagents is finished, the orange slurry is filtered at 40°C and washed with 
500 mL of water. The resultant white solid is dried overnight under a stream of nitrogen. 285.5 
Grams of Br 2 (1.78 mol) had been fed to the reaction flask. The isolated yield of l,3-dibromo-5,5- 
dimethylhydantoin is 1 86.8g, a yield of 73% based on Br^ and 60% based on 5,5-dimethylhydantoin; 
the active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 53.4 wt% (96% of the 
theoretical value), as determined by iodometric titration. 

Table 2 summarizes the particle size data for the products of Examples 5 and 6. 



TABLE 2 



PaxticleSi^Gatcg^.,,.; { 






Average 


210.4b 


293.6b ! 


10% is greater than 


381.7b 


451.2b 


25% is greater than 


2983b 


349.6b 


50% is greater than 


196.8b 


256.3b 


75% is greater than 


1153b 


174.9b 


90% is greater than 


56.86h 


110.6b 


Range 


0.040-594.9n 


0.040- >2000b 



EXAMPLE 7 

44.2 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.4g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 173g of Br 2 (1.08 mol) in the 
bromine reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH 
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solution are fed is maintained at 57°C with a heating bath. The reaction flask is charged with -200 
mL heel (244g) of a l,3-dibromo-5,5-dimethylhydantom filtrate (mother liquor). The 5,5- 
dimethylhydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately 
from,Br 2 . The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged from 6.8 to 7.2. Maintenance of the desired pH was accomplished by 
adjusting the bromine feed rate. The reaction temperature stabilized at 57°C during the 33 minute 
addition time. When the addition of reagents is finished, the orange slurry is filtered at 38°C and 
washed with 500 mL of water. The resultant white solid is dried overnight under a stream of 
nitrogen. The isolated yield of l,3-dibromo-5,5-dimethylhydantoin is 139.8g, a yield of 91% based 
on Br^ and 89% based on 5,5-dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5- 
dimethylhydantoin is 55.7 wt% (99.7% of the theoretical value), as determined by iodometric 
titration. 

EXAMPLE 8 

44.2 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.3g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 172.5g of Br 2 (1.08 mol) in the 
bromine reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH 
solution are fed is maintained at 48°C with a heating bath. The reaction flask is charged with -200 
mL heel of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethylhydan- 
toin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, Br 2 . The 
reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the reaction, the pH 
ranged from 6.8 to 7.2. Maintenance of the desired pH was accomplished by adjusting the bromine 
feed rate. The reaction temperature stabilized at 48°C during the 34 minute addition time. When 
the addition of reagents is finished, the orange slurry is filtered at 38°C and washed with 500 mL of 
water. The resultant white solid is dried overnight under a stream of nitrogen. The isolated yield of 
1 ,3-dibromo-5,5~dimethylhydantoin is 144.8g, a yield of 94% based on Br 2 , and 92% based on 5,5- 
dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 55.0 
wt% (98.4% of the theoretical value), as determined by iodometric titration. 

The particle size data for the products of Examples 7 and 8 are summarized in Table 3. 
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Particle S^^^^^ 






Average 


231.2n 


178.4m 


10% is greater than 


338.3n 


281.1n | 


25% is greater than 


285.0n 


230.9n 


50% is greater than 


228.8fi 


175.7n 


75% is greater than 


177.8n 


125.0n 


90% is greater than 


133.0n 


79.14n 


Range 


0.040-493.6*1 


0.040-409.6*1 



EXAMPLE 9 

The process of this Example was conducted in a continuous fashion. A feed solution of 5,5- 
dimethylhydantoin/NaOH was formed by adding 5,5-dimethylhydantoin to a 9 wt% NaOH solution, 
such that the 5 , 5-dimethylhydantoin concenlration was about 1.1 M. The 5,5-dimethylhy- 
dantoin/NaOH solution was co-fed to the reaction flask simultaneously with, but separately from, 
Br 2 . The flask was suspended in a heating bath. The reaction mixture was stirred with a mechanical 
stirrer at a rate of 500 rpm. The reaction mixture was maintained at a pH of about 7.0±0.2, and the 
reaction temperature was maintained at 55°C. Ten fractions of product were collected in an average 
time of 30 minutes per fraction. The isolated yield of the l,3-dibromo-5,5-dimethylhydantoin was 
90% based on 5,5-dimethylhydantoin, and 92% based on added Br 2 . The purity of the 1,3-dibromo- 
5,5-dimethylhydantoin, a white crystalline product, was 99.8%, based on the theoretical bromine 
content. Fractions 5-10 represent the particle size of the product as formed during steady-state 
operating conditions. Table 4 summarizes average particle size data and particle size distribution 
data relating to fractions 5-10 based on samples of each such fraction taken during the steady-state 
operation of the continuous process. The determinations showed that a bimodal distribution of the 
product had been produced The overall average particle size of the product was 5 12.3 microns. 
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TABLE 4 



5 















Average 


371.7U 


445.6*1 


535.5*1 


560.3u 


545.9U 


10% is greater 
than 


530.7^1 


626.0*1 


724.7*1 


805.0*1 


952.1H 


25% is greater 
than 


462.2*1 


550.9*1 


643.3*1 


729.3*1 


833.4ji 


50% is greater 
than 


386.0*1 


474.5*1 


559.7*1 


641.8*1 


676.7n 


75% is greater 
than 


256.8^1 


369.6)1 


447.8*1 


436.1*1 


149.6*1 


90% is greater 
than 


94.76*1 


134.4*1 


150.3*1 


94.5*i 


76.02n 


Range 


0.791-786.9^; 
1255-1512*1 


4.241-786.9*1; 
1143-1255*1 


3.519-863.9*i; 
1143-1512*1 


3.519-8.639*1; 
1143-1512*1 


0.721-409.6*1; 
493.6-1255*1 



15 EXAMPLE 10 

Another continuous operation was conducted in a manner similar to that of Example 9. The 
feed solution was formed by dissolving 355g (8.87 mols) in 3550g of water. To this was added 560g 
(4.37 mols) of 5,5-dimethylhydantoin. The concurrent feeds were adjusted to maintain the pH of the 
aqueous reaction mixture at 7.0±0.2. The temperature was maintained at 55°C. The total amount 

20 of bromine (BvJ fed was 1359.4g (8.50 mols). As in Example 9, ten fractions of the reaction mixture 
were collected However, in this operation, the addition rates were adjusted such that the average 
residence time was approximately 1 hour per fraction. The total isolated yield of l,3-dibromo-5,5- 
dimethylhydantoin was 88% based on 5,5-dimethylhydantoin used and 90% based on the added 
bromine. The l,3-dibromo-5,5-dimethylhydantoin product was obtained as a white crystalline solid. 

25 Table 5 summarizes the average particle size data and product distribution data relating to the 
product formed in this reaction. Fractions 5-10 represent the particle size of the product as formed 
during steady-state operating conditions. As in Example 9, the product formed was bimodal. In 
Table 5 "n.d." indicates that the particle size determination for the larger particle sized fraction was 
not determined; the instrument used could not measure particles having a particle size greater than 

30 2000 microns. The overall average particle size of the product was at least 455.5 microns. 
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TABLE 5 















Average 


A2\2\i 


478.6u 


494.0u 


536.6u 


631.9u 


10% is greater 
than 


606.5^ 


699.1n 


781. 7ji 


1063J1 


1438^1 


25% is greater 
than 


532.1n 


623.4^ 


68L5ji 


813.9n 


995.7u 


50% is greater 
than 


452.3^1 


535.0ji 


548.5ji 


546.7)1 


522.8 


75% is greater 
than 


340.0^ 


372.2jj 


176 fin 




lOW. /U 


90% is greater 
than 


140.8^1 


112.8n 


68.94n 


72.93 




Range 


2.423-786.9u; 
n.d. 


2.423-863.9u; 
n.d 


1.520-863.9fi; 
1255-1512)1 1 


0.04-2000*1; 
n.<L 


0.04->2000n; 
n.d. 



EXAMPLE 11 

Samples of commercially-available N^'-dihalo-5,5Kiime%mydantoirjs were obtained and 
subjected to standard test procedures in order to determine their average particle size using the 
Coulter® LS Particle Size Analyzer. Table 6 summarizes the results of these average particle size 
determinations, and also sets forth the data obtained in the same way on a representative sample of 
the l^-dibromo-S^-dimethylhydantoin product of this invention produced in Example 4. Table 7 
summarizes the particle size distribution data on the commercially-available l,3-dibalo-5,5- 
dimethylhydantoins. In Table 7 the following abbreviations are used: DCDMH is l,3-dichloro-5,5- 
dimethylhydantoin; BCDMH is HN'-bromochloro-S^-dimethylhydantoin; and DBDMH is 1,3- 
dibromo-5 3 5-dimethylhydantoin. 
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TABLE 6 













i'^j'&i? ' S£^^'?i?>fS3Sy* W^^W'^^^^^ 5^w¥^J>?^ 


i yOHJicniorO"* j 9 j-uxtucuiyi"" 
hydantoin 


.tvi.uijvjj v^uciiiXvcu v^-u, 


1 051 1 mif*mn<j 


N TSf '-hromochloro-5 5- 
dimethylhydantoin 


Aldrich Chemical Co 


323.8 microns 


1 ^-flif»rnmn-5 5-cHmethvl- 

hydantoin 


Aldrich Chemical Co 


162 1 microns 


l,3-dibromo-5,5-dimethyl- 
hydantoin 


Albemarle Corporation 


64.5 microns 


l,3-dibromo-5,5-dimethyl- 
hydantoin 


Great Lakes Chemical 
Corporation 


45.2 microns 


1 3^ibromo-5 3 5-dimethyl- 
hydantoin 


The present process 


293.6 microns 



TABLE 7 





: ■ ' ; 

mmHM 


,BCi>MHr- ; ; ; 


BBDMH- 






Averse 


108.1n 


323.8m 


162.1m 


64.59m 


45.23m 


10% is 
greater than 


195.3m 


877.9m 


359.2m 


162.7^ 


78.76m 


25% is 
greater than 


134.4m 


409.9m 


177.6u 


90.12m 


49.76m 


50% is 
greater than 


80.07m 


173.9m 


86.03m 


39.21 fi 


34.68m 


75% is 
greater than 


45.99m 


65.39m 


47.37m 


26.85m 


23.25m 


90% is 
greater than 


27.19H 


29.35m 


27.67m 


17.91m 


13.90m 


Range 


0.04- 
>2000m 


0.04- 
>2000m 


0.04- 
>2000n 


0.04- 
309.6m 


0.04- 
409.6m 



EXAMPLE 12 

The color characteristics of samples of the biomme-containing N,N'-dihalo-5,5- 
dimethylhydantoins referred to in Example 6 were determined using Hunter Lab Color Quest Model 
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450 instrument The test determined the Yellowness Index of the powder using the foregoing 
instrument which is approved for use in accordance with ASTM test designation E 3 1 3-96 "Standard 
Practice for Calculating Yellowness and Whiteness Indices from Instrumentally Measured Color 
Coordinates". The instrument includes a station for receiving a crucible filled with the powder to 
be tested for its color characteristics, and a pair of light sources disposed above the crucible. A first 
such light source is spaced and positioned directly above the surface of the crucible and its contents 
so as to direct a beam of light at a 90° angle relative to the horizontal upper surface of the contents 
of the crucible. The second such light source is spaced and positioned so as to direct a beam of light 
at a 45° angle relative to the horizontal upper surface of the contents of the crucible. One 
photomultiplier detector is positioned directly above the first such light source so as to receive the 
reflected light from the surface receiving the beam of light from the first light source. Another 
photomultiplier detector is positioned at a 90° angle relative to the beam of light issuing from the 
second light source so as to receive the reflected light from the surface receiving the beam of light 
from the second light source. Each such photomultiplier measures the wavelength and the amount 
of the reflected beam and inputs such data to a microprocessor programmed to calculate from such 
data a value for the Yellowness Index of the powder. The results of these evaluations in terms of 
such Yellowness Indices (YI) are summarized in Table 8. The higher the numerical value of the 
Yellowness Index, the more yellow the product. 



TABLE 8 





Source mm 


fSlfecss index 

; MtQ:i ' • > " , ■ ' ' 


N,N'-bromochloro-5,5- 
dimethylhydantoin 


Aldrich Chemical Co. 


12.82 


1 ,3-dibromo-5,5-dimethyl- 
hydantoin 


Aldrich Chemical Co. 


37.82 


1 ,3~dibromo-5,5-dimethyl- 
hydantoin 


Albemarle Corporation 


31.22 


1 ,3 -dibromo-5,5-dimethyl- 
hydantoin 


Great Lakes Chemical 
Corporation 


21.28 


1 ,3-dibromo-5,5-dimethyl- 
hydantoin 


The present invention 


11.65 
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EXAMPLE 13 

Another continuous operation was performed using a glass reactor into which were 
concurrently fed, on a continuous basis, an aqueous solution formed from 5,5-dimethylhydantoin and 
NaOH, and a separate feed of bromine. The aqueous solution was made by adding 5,5-dimethyl- 
hydantoin to an aqueous 9 wt% NaOH solution. This solution contained about 22.4 wt% of 5,5- 
dimethylhydantoin and 7 wt% NaOH. A one liter, jacketed reactor having an interior diameter of 
82 millimeters equipped with an anchor agitator, with an outer diameter of 72 millimeters, was used, 
and a silicone fluid (Rhodersil 4720V20 fluid; Rhone-Poulenc) was circulated through the jacketing. 
The temperature of the reaction was controlled at 38°C. Both feeds were controlled by pumps; the 
average feed rate of the 5,5-dimethylhydantoin/NaOH solution was 15.84 grams/minute via a 
Prominent Gamma G/4A positive displacement pump, and the average feed rate of the bromine was 
4.67 grams/minute via a Masterflex Easy-Load peristaltic pump. The reaction mixture was stirred 
at 400 rpm. The pH of the reaction was monitored by measuring the pH of the effluent using a pH 
meter, and the pH ranged from 6.06 to 6.36 during the reaction. Product removal from the reactor 
was also controlled by a pump. Residence time was, on average, 30 minutes per fraction; each 
fraction was about 500 mL. A yield of 90.5% of l,3-dibromo-5,5-dimethylhydantoin was obtained, 
based on the amount of 5,5-dimethylhydantoin fed to the reactor. The active bromine content of the 
l,3-dibromo-5,5-dimethylhydantoin was >55.3%, as determined by standard iodometric titration. 
Thus, the purity of this product was greater than 99.0%. 

Table 9 summarizes particle size data on the l,3-dibromo-5,5-dimethylhydantoin product 
formed in the continuous operation of Example 13. These data are averaged data based on two 
samples taken at different times during the continuous operation once steady state conditions, or 
essentially steady state conditions, had been achieved. 
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TABLE 9 







Average 


188 9u 


10% is greater than 


295 2u 


25% is greater than 


255.6u 


50% is greater than 


203.1n 


75% is greater than 


122.5n 


90% is greater than 


55.9n 


Range 


0.872-356.5(1 



As used in this document, the term "water-soluble" means that the substance being described 
has at least sufficient solubility in water to form an aqueous solution containing at least a sufficient 
amount of such dissolved substance (presumably in ionized form) to enable the operation in which 
such solution is being used, to be carried out under the particular conditions in which the solution 
is being employed Naturally it is desirable that the substance have a greater solubility than this in 
water under such conditions. However, the term does not mean that the substance must dissolve in 
all proportions in water under such conditions. 

Compounds referred to by chemical name or formula anywhere in this document, whether 
referred to in the singular or plural, are identified as they exist prior to coming into contact with 
another substance referred to by chemical name or chemical type (eg., another component or a 
solvent). It matters not what preliminary chemical changes, if any, take place in the resulting mixture 
or solution, as such changes are the natural result of bringing the specified substances together under 
the conditions called for pursuant to this disclosure. Also, even though the claims may refer to 
substances in the present tense (e.g., "comprises" or "is"), the reference is to the substance as it exists 
at the time just before it is first contacted, blended or mixed with one or more other substances in 
accordance with the present disclosure. 

Except as may be expressly otherwise indicated, the article "a" or "an" if and as used herein 
is not intended to limit, and should not be construed as limiting, a claim to a single element to which 
the article refers. Rather, the article "a" or "an" if and as used herein is intended to cover one or more 
such elements, unless the text expressly indicates otherwise. 

It will also be understood that the terms "substantial" and "substantially" denote that 
chemical processes ordinarily do not involve absolutes. Thus instead of describing a variable as an 
absolute, it is far more realistic to describe the variable as being in the substantial vicinity of the 
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expressed variable. For example when describing a stoichiometric quantity it is far more realistic 
to refer to the quantity as being substantially a stoichiometric quantity since one skilled in the art 
fully realizes that slight deviations from the absolute stoichiometry would produce no appreciable 
difference in results. Thus in any and all respects, this document should be read with the application 
5 of common sense. 

This invention is susceptible to considerable variation in its practice. Therefore the foregoing 
description is not intended to limit, and should not be construed as limiting, the invention to the 
particular exemplifications presented hereinabove. Rather, what is intended to be covered is as set 
forth in the ensuing claims and the equivalents thereof permitted as a matter of law. 
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THAT WHICH IS CLAIMED IS : 

1 . A process for the N-halogenation of a compound having at least one N-halogenatable 
amido or imido nitrogen atom in the molecule, which process comprises: concurrently, or 
substantially concurrently, feeding (a) a compound having in the molecule at least one N- 
halogenatable amido or imido nitrogen atom, (b) an inorganic base, (c) a brominating agent and/or 
a chlorinating agent, and (d) water, said (a), (b), (c), and (d) being fed individually and/or in any 
combination® whereby the feeds come together in a reaction zone, said (a), (b), (c), and (d) being 
fed in proportions such that at least one said amido or imido nitrogen atom is substituted by a 
bromine or chlorine atom, thereby forming product which precipitates in the liquid phase of an 
aqueous reaction mixture, and such that the pH of said liquid phase is continuously or substantially 
continuously maintained in the range of 5.5 to 8.5 during all or substantially all of the time said 
feeding is occurring. 

2. A process of Claim 1 wherein said pH is in the range of 6.5 to 8.5. 

3. A process of Claim 1 wherein at least (a) and (b) are fed in the form of a single 
preformed aqueous solution or slurry. 

4. A process of Claim 1 wherein at least (a) is fed in the form of a separate preformed 
aqueous solution or slurry, and wherein at least (b) is fed in the form of a separate preformed aqueous 
solution or slurry. 

5 . A process of Claim 1 wherein when starting up said process, said feeding is initiated 
into a reactor containing (i) a solids-containing heel of a reaction mixture from a prior reaction in 
which the product to be formed had been formed, or (ii) a solids-free mother liquor of a reaction 
mixture from a prior reaction in which the product to be formed had been formed. 

6. A process of Claim 1 wherein said feeding is initially to a mixing device which 
produces an effluent stream formed from (a) and (b), or (a) and (d), (b) and (d), or (c) and (d), or (a), 
(b), and (d), and wherein the effluent stream is fed into a reaction vessel containing a larger volume 
of the aqueous reaction mixture; wherein said stream is subjected to dilution in the aqueous reaction 
mixture before the temperature of said effluent stream exceeds about 90°C; and wherein the 
temperature of the aqueous reaction mixture is maintained in the range of 0 to 90°C during all or 
substantially all of the time said feeding is occurring. 

7. A process of Claim 6 wherein said mixing device is a static mixer, and wherein the 
effluent stream from the mixer is being fed subsurface to the liquid phase of the aqueous reaction 
mixture. 
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8. A process of Claim 6 wherein said mixing device is a jet mixer producing a high 
velocity stream* which stream is being fed subsurface to the liquid phase of Ihe aqueous reaction 
mixture. 

9. A process of Claim 1 wherein said aqueous reaction mixture is at one or more 
temperatures in the range of 0 to 90°C. 

10. A process of Claim 1 wherein (a) is a 5,5-dialkylhydantoin in which each alkyl group 
has, independently, up to about three carbon atoms; wherein (b) is a basic salt or oxide of a water- 
soluble alkali metal or an alkaline earth metal; wherein the amount of such base is the stoichiometric 
quantity, or is substantially the stoichiometric quantity, theoretically required to deprotonate at least 
one nitrogen atom of said hydantoin; wherein (c) is (i) bromine, (ii) chlorine, (iii) bromine chloride, 
(iv) an alkali metal bromide or aqueous solution thereof, or an alkaline earth metal bromide or 
aqueous solution thereof, and chlorine, or hypochlorite salt or aqueous hypochlorite solution in 
amounts sufficient to generate bromine in situ, or (v) a combination of any two or more of (i), (ii), 
(iii), and (iv); wherein at least all or such portion of (c) that is in the vapor state, if any, is fed 
subsurface to the liquid phase of the aqueous reaction mixture; wherein the temperature of the 
aqueous reaction mixture is continuously or substantially continuously in the range of from 30 to 
90°C during all or substantially all of the time said feeding is occurring; and wherein the proportions 
of the feeds are such that the total amount of (c) being fed to N-halogenate the 5,5-dialkylhydantoin 
being fed are such that there are in the range of 3.8 to 4.2 atoms of halogen per molecule of 5,5- 
dialkylhydantoin. 

11. A process of any of Claims 1, 2, or 9 wherein said process is conducted in a 
continuous mode in which, under steady state conditions, said feed(s) are maintained such that the 
ratio of (i) the volume of said reaction mixture in liters to (ii) the moles of said compound of (a) 
being fed to the reaction mixture per minute is in the range of 10 to 1 00 liters per mole per minute. 

12. Aprocessofany of Claims 1,2, or 9 wherein said process is conducted in batch mode 
in at least one reactor and wherein, until the volume of the reaction mixture reaches 50 percent of the 
total volume of the reactor(s), the feeds to said reaction mixture are maintained such that the ratio 
of (i) the volume of said reaction mixture in liters to (ii) the moles of said compound of (a) being fed 
to the reaction mixture per minute is in the range of 10 to 100 liters per mole per minute; and 
wherein, when the volume of the reaction mixture is 50 percent or more of the total volume of the 
reactor(s), the feeds to said reaction mixture are maintained such that the ratio of (i) the volume of 
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said reaction mixture in liters to (ii) the moles of said compound of (a) being fed to the reaction 
mixture per minute is in the range of 30 to 60 liters per mole per minute. 

13. A process for the N-halogenation of a compound having in the molecule at least one 
halogenatable amido or imido functional group, which process comprises concurrently feeding into 
a reaction zone: 

A) separate feeds of (i) an aqueous solution or slurry formed from an inorganic base and a 
compound having in the molecule at least one halogenatable amido or imido nitrogen atom, 
and (ii) a brominating agent and/or a chlorinating agent; or 

B) at least three separate feeds, one of which is a brominating agent and/or a chlorinating agent, 
and at least two other feeds, at least one of which is selected from (a) and (b); and at least one 
of which is selected from (c) and (d), wherein 

(a) is an aqueous solution or slurry formed from an inorganic base, 

(b) is an aqueous solution or slurry formed from an inorganic base and a compound 
having in the molecule at least one halogenatable amido or imido nitrogen atom, 

(c) is a compound having in the molecule at least one halogenatable amido or imido 
nitrogen atom, and 

(d) is an aqueous solution or slurry formed from a compound having in the molecule at 
least one halogenatable amido or imido nitrogen atom; 

in proportions such that at least one said amido or imido nitrogen atom is substituted by a 
bromine or chlorine atom, thereby continuously or substantially continuously forming 
product which precipitates in the liquid phase of an aqueous reaction mixture during all or 
substantially all of the time said concurrent feeding is occurring, and such that the pH of said 
liquid phase is continuously or substantially continuously maintained in the range of 5.5 to 
8.5 during all or substantially all of the time said concurrent feeding is occurring. 

14. A process of Claim 13 wherein said pH is in the range of 6.5 to 8.5. 

15. A process of Claim 14 wherein said compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom is a cyclic amide or cyclic imide; and wherein said 
brominating agent and/or chlorinating agent is bromine, chlorine, bromine chloride, or a combination 
of any two or all three of them, and is fed subsurface to the liquid phase of said reaction mixture. 

16. A process of Claim 14 wherein said compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom is a cyclic amide or cyclic imide; and wherein said 
brominating agent and/or chlorinating agent is (i) an alkali metal bromide or an alkaline earth metal 
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bromide, and (ii) chlorine, a hypochlorite salt, or an aqueous hypochlorite solution in amounts 
sufficient to generate bromine in situ, and if (ii) is chlorine, at least the chlorine is fed subsurface to 
the liquid phase of said reaction mixture. 

17. A process of Claim 14 wherein the inorganic base is a water-soluble basic salt or 
5 oxide of an alkali metal or an alkaline earth metal, and wherein the amount of such base is the 

stoichiometric quantity, or is substantially the stoichiometric quantity, theoretically required to 
deprotonate at least one imido group of said compound or to fully or partially deprotonate at least 
one amido group of said compound. 

18. A process of Claim 13 wherein said aqueous reaction mixture is at one or more 
10 temperatures in the range of 0 to 90°C, and wherein if said brominating agent and/or chlorinating 

agent is in the form of a vapor, said vapor is fed subsurface to the liquid phase of the reaction 
mixture. 

19. A process of any of Claims 13-16 wherein said process is conducted in a continuous 
mode in which, under steady state conditions, said feed(s) are maintained such that the ratio of (i) 

15 the volume of said reaction mixture in liters to (ii) the moles of said compound having in the 
molecule at least one halogenatable amido or imido nitrogen atom being fed to the reaction mixture 
per minute is in the range of 10 to 100 liters per mole per minute. 

20. A process of any of Claims 13-16 wherein said process is conducted in a batch mode 
in at least one reactor and wherein, until the volume of the reaction mixture reaches 50 percent of the 

20 total volume of the reactor(s), the feeds to said reaction mixture are maintained such that the ratio 
of (i) the volume of said reaction mixture in liters to (ii) the moles of said N-halogenatable 
compound of (a) being fed to the reaction mixture per minute is in the range of 1 0 to 1 00 liters per 
mole per minute; and wherein, when the volume of the reaction mixture is 50 percent or more of the 
total volume of the reactor(s), the feeds to said reaction mixture are maintained such that the ratio 

25 of (i) the volume of said reaction mixture in liters to (ii) the moles of N-halbgenatable compound 
being fed to the reaction mixture per minute is in the range of 30 to 60 liters per mole per minute. 

21 . A process of Claim 13 wherein said pH is in the range of 6.8 to 7.2. 

22. A process of Claim 21 wherein said compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom is a 5-alkyl hydantoin or a 5,5-dialkylhydantoin; 

30 wherein the temperature of said reaction mixture is in the range of 20 to 80°C, and wherein, if all or 
part of said brominating agent and/or chlorinating agent is in the form of a vapor, said vapor is fed 
subsurface to the liquid phase of said reaction mixture. 
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23. A process of Claim 13 wherein the proportions of water, inorganic base, and said 
compound being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 0.5 to 2.5 moles of 
halogenatable amido or imido nitrogen atoms and from 0.5 to 2.5 moles of the base, per liter 
of water; and 

B) where the base has a divalent cation, there are 0.5 to 2.5 moles of halogenatable amido or 
imido nitrogen atoms and from 0.25 to 1.25 moles of the base, per liter of water. 

24. A process of Claim 13 wherein the proportions of water, inorganic base, and said 
compound being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from L0 to 1.5 moles of 
halogenatable amido or imido nitrogen atoms and from 1 .0 to 1 .5 moles of the base, per liter 
of water; and 

B) where the base has a divalent cation, there are 1.0 to 1.5 moles of halogenatable amido or 
imido nitrogen atoms and from 0.5 to 0.75 moles of the base, per liter of water. 

25. A process of Claim 13 wherein the process is conducted in a batch mode. 

26. A process of Claim 25 wherein during at least about 80% of the period of time said 
concurrent separate feeds are being carried out, precipitate is being formed that has a purity of at least 
about 97%. 

27. A process of Claim 13 wherein the process is conducted in a continuous mode; 
wherein the temperature of die aqueous reaction mixture is in the range of 20 to 90°C; and wherein 
said inorganic base and said compound having in the molecule at least one halogenatable amido or 
imido nitrogen atom are fed either as separate solutions or slurries in water or as a single solution or 
slurry in water. 

28. A process of Claim 27 wherein during steady-state operation, precipitate is 
continuously being formed that (a) has a purity of at least about 97%, and (b) is formed in a 
continuous or substantially continuous yield of at least about 85% based on the amount of the 
compound having at least one halogenatable amido or imido nitrogen atom being fed to the reactor. 

29. A process of Claim 1 3 wherein said compound having at least one amido or imido 
functional group in the molecule is a hydantoin in which each of the two substituents in the 5- 
position is, independently, a hydrogen atom or a hydrocarbyl group. 

30. A process of Claim 29 wherein said hydantoin is a 5-alkyl hydantoin or a 5,5- 
dialkylhydantoin. 
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31. A process of Claim 30 wherein said process is conducted in a continuous mode in 
which, under steady state conditions, said feed(s) are maintained such that the ratio of (i) the volume 
of said reaction mixture in liters to (ii) the moles of said hydantoin being fed to the reaction mixture 
per minute is in the range of 1 0 to 100 liters per mole per minute. 
5 32. A process of Claim 3 1 wherein said ratio is in the range of 30 to 60 liters per mole 

per minute. 

33. A process of Claim 30 wherein said process is conducted in batch mode in at least one 
reactor and wherein, until the volume of the reaction mixture reaches 50 percent of the total volume 
of the reactor(s), the feeds to said reaction mixture are maintained such that the ratio of (i) the 

10 volume of said reaction mixture in liters to (ii) the moles of said compound of (a) being fed to the 
reaction mixture per minute is in the range of 10 to 100 liters per mole per minute; and wherein, 
when the volume of the reaction mixture is 50 percent or more of the total volume of the reactor(s), 
the feeds to said reaction mixture are maintained such that the ratio of (i) the volume of said reaction 
mixture in liters to (ii) the moles of said hydantoin being fed to the reaction mixture per minute is 

15 in the range of 30 to 60 liters per mole per minute. 

34. A process of Claim 33 wherein, until the volume of the reaction mixture reaches 50 
percent of the total volume of the reactor(s), the feeds to said reaction mixture are maintained such 
that said ratio is in the range of 20 to 80 liters per mole per minute. 

35. A process of Claim 13 wherein said compound having in the molecule at least one 
20 halogenatable amido or imido nitrogen atom is a 5,5-dialkylhydantoin in which each alkyl group has, 

independently, up to about six carbon atoms; wherein said inorganic base is a basic salt or oxide of 
an alkali metal or an alkaline earth metal; wherein the amount of such base is the stoichiometric 
quantity, or is substantially the stoichiometric quantity, theoretically required to deprotonate at least 
one nitrogen atom of said hydantoin; wherein said brominating agent and/or cWorinating agent is (i) 

25 bromine, (ii) chlorine, (iii) bromine chloride, (iv) an alkali metal bromide or aqueous solution 
thereof, or an alkaline earth metal bromide or aqueous solution thereof and chlorine, or hypochlorite 
salt or aqueous hypochlorite solution in amounts sufficient to generate bromine in situ, or (v) a 
combination of any two or more of (i), (ii), (iii), and (iv); wherein at least all or such portion of 
brominating agent and/or chlorinating agent that is in the vapor state, if any, is fed subsurface to the 

30 liquid phase of the aqueous reaction mixture; wherein the temperature of the aqueous reaction 
mixture is continuously or substantially continuously maintained in the range of from 20 to 80°C 
during all or substantially all of the time said feeding is occurring; and wherein said process is 
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conducted in a continuous mode in which, under steady state conditions, the feeds to said reaction 
mixture are maintained such that the ratio of (i) the volume of said reaction mixture in liters to (ii) 
the moles of said 5,5-dialkylhydantoin being fed to the reaction mixture per minute is in the range 
of 3 0 to 60 liters per mole per minute. 

36. A process of Claim 13 wherein said compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom is a 5,5-dialkylhydantoin in which each alkyl group has, 
independently, up to about six carbon atoms; wherein said inorganic base is a basic salt or oxide of 
an alkali metal or an alkaline earth metal; wherein the amount of such base is the stoichiometric 
quantity, or is substantially the stoichiometric quantity, theoretically required to deprotonate at least 
one nitrogen atom of said hydantoin; wherein said brominating agent and/or chlorinating agent is (i) 
bromine, (ii) chlorine, (iii) bromine chloride, (iv) an alkali metal bromide or an alkaline earth metal 
bromide, and chlorine, a hypochlorite salt, or an aqueous hypochlorite solution in amounts sufficient 
to generate bromine in situ, or (v) a combination of any two or more of (i), (ii), (iii), and (iv); wherein 
at least all or such portion of said brominating agent and/or chlorinating agent that is in the vapor 
state, if any, is fed subsurface to the liquid phase of the aqueous reaction mixture; wherein the 
temperature of said aqueous reaction mixture is continuously or substantially continuously 
maintained in the range of from 20 to 80°C during all or substantially all of the time said feeding is 
occurring; wherein said process is conducted in a batch mode in at least one reactor; wherein, until 
the volume of the reaction mixture reaches 50 percent of the total volume of the reactor(s), the feeds 
to said reaction mixture are maintained such that the ratio of (i) the volume of said reaction mixture 
in liters to (ii) the moles of said 5,5-dialkylhydantoin being fed to the reaction mixture per minute 
is in the range of 20 to 80 liters per mole per minute; and wherein, when the volume of the reaction 
mixture is 50 percent or more of the total volume of the reactor(s), the feeds to said reaction mixture 
are maintained such that the ratio of (i) the volume of said reaction mixture in liters to (ii) the moles 
of said 5,5-dialkylhydantoin being fed to the reaction mixture per minute is in the range of 30 to 60 
liters per mole per minute. 

37. A process of Claim 35 wherein said pH is in the range of 6.8 to 7.2. 

38. A process of Claim 36 wherein said pH is in the range of 6.8 to 7.2. 

39. A process of Claim 35 wherein said 5,5-dialkylhydantoin is 5,5-dimethylhydantoin. 

40. A process of Claim 36 wherein 5,5-dialkylhydantoin is 5,5-dimethyIhydantoin. 
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41. A process of Claim 39 wherein said pH is in the range of 6.8 to 7.2; wherein said 
temperature in the range of 30 to 70°C; and wherein said brominating agent and/or chlorinating agent 
is bromine. 

42. A process of Claim 30 wherein said pH is continuously or substantially continuously 
5 maintained in the range of 6.8 to 7.2 during all or substantially all of the time said feeding is 

occurring; wherein said temperature of the aqueous reaction mixture is maintained in the range of 
30 to 70°C during all or substantially all of the time said feeding is occurring; and wherein the 
brominating agent and/or chlorinating agent is bromine. 

43 . A process for the N-halogenation of a compound having at least one halogenatable 
10 amido or imido functional group in the molecule, which process comprises concurrently feeding into 

a reaction zone, separate feeds of (i) an aqueous solution or slurry formed from an inorganic base and 
a compound having in the molecule at least one halogenatable amido or imido nitrogen atom, and 
(ii) a brominating agent and/or chlorinating agent in proportions such that at least one said amido or 
imido nitrogen atom is substituted by a bromine or chlorine atom and the resultant product 
15 precipitates in a liquid phase of a reaction mixture during all or substantially all of the time said 
concurrent feeding is occurring, and such that the pH of said mixture is continuously or substantially 
continuously maintained in the range of 6.5 to 8.5 during all or substantially all of the time said 
concurrent feeding is occurring. 

44. A process of Claim 43 wherein (ii) is bromine, chlorine, bromine chloride, or a 
20 combination of any two or all three of them, and is fed subsurface to the liquid phase of the reaction 

mixture. 

45. A process of Claim 43 wherein (ii) is an alkali metal bromide or an alkaline earth 
metal bromide, and chlorine, a hypochlorite salt, or an aqueous hypochlorite solution in amounts 
sufficient to generate bromine in situ, and if (ii) is chlorine, said chlorine is fed subsurface to the 

25 liquid phase of the reaction mixture. 

46. A process of Claim 43 wherein the inorganic base is a water-soluble basic salt or 
oxide of an alkali metal or an alkaline earth metal, and wherein the amount of such base is the 
stoichiometric quantity, or is substantially the stoichiometric quantity, theoretically required to 
deprotonate at least one imido group of said compound or to fully or partially deprotonate at least 

30 one amido group of said compound. 

47. A process of Claim 46 wherein said basic salt or oxide consists essentially of sodium 
oxide, sodium hydroxide, sodium carbonate, sodium bicarbonate, potassium oxide, potassium 
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hydroxide, potassium carbonate, potassium bicarbonate, calcium oxide, calcium hydroxide, or a 
mixture of any two or more of them. 

48. A process of Claim 43 wherein the pH is in the range of 6.8 to 7.2. 

49. A process of Claim 43 wherein the temperature of said reaction mixture is in the range 
of 0 to 90°C, and wherein if (ii) is in the form of a vapor, (ii) is fed subsurface to the liquid phase of 
said reaction mixture. 

50. A process of Claim 43 wherein the temperature of said reaction mixture is in the range 
of 30 to 70°C, and wherein if (ii) is in the form of a vapor, (ii) is fed subsurface to the liquid phase 
of said reaction mixture. 

51. A process of Claim 43 wherein the proportions of water, inorganic base, and said 
compound being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 0.5 to 2.5 moles of 
halogenatable amido or imido nitrogen atoms and from 0.5 to 2.5 moles of the base, per liter 
of water; and 

B) where the base has a divalent cation, there are 0.5 to 2.5 moles of halogenatable amido or 
imido nitrogen atoms and from 0.25 to 1.25 moles of the base, per liter of water. 

52. A process of Claim 43 wherein the proportions of water, inorganic base, and said 
compound being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 1.0 to 1.5 moles of 
halogenatable amido or imido nitrogen atoms and from 1.0 to 1.5 moles of the base, per liter 
of water; and 

B) where the base has a divalent cation, there are 1.0 to 1.5 moles of halogenatable amido or 
imido nitrogen atoms and from 0.5 to 0.75 moles of the base, per liter of water. 

53. A process of Claim 43 wherein the process is conducted in a batch mode in at least 
one reactor and wherein, until the volume of the reaction mixture reaches 50 percent of the total 
volume of the reactor(s), the feeds to said reaction mixture are maintained such that the ratio of (i) 
the volume of said reaction mixture in liters to (ii) the moles of said N-halogenatable compound of 
(a) being fed to the reaction mixture per minute is in the range of 10 to 100 liters per mole per 
minute; and wherein, when the volume of the reaction mixture is 50 percent or more of the total 
volume of the reactor(s), the feeds to said reaction mixture are maintained such that the ratio of (i) 
the volume of said reaction mixture in liters to (ii) the moles of N-halogenatable compound being 
fed to the reaction mixture per minute is in the range of 30 to 60 liters per mole per minute. 
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54. A process of Claim 43 wherein the process is conducted in a continuous mode in 
which, under steady state conditions, said feed(s) are maintained such that the ratio of (i) the volume 
of said reaction mixture in liters to (ii) the moles of N-halogenatable compound being fed to the 
reaction mixture per minute is in the range of 10 to 100 liters per mole per minute. 
5 55. A process of Claim 43 wherein said compound having at least one amido or imido 

functional group in the molecule is a hydantoin in which each of the two substituents in the 5- 
position is, independently, a hydrogen atom or a hydrocarbyl group. 

56. A process of Claim 55 wherein said hydantoin is a 5-alkyl hydantoin or a 5,5- 
dialkylhydantoin. 

10 57. A process of Claim 43 wherein when starting up said process, said feeding is initiated 

into a reactor containing (i) a solids-containing heel of a reaction mixture from a prior reaction in 
which the product to be formed had been formed, or (ii) a solids-free mother liquor of a reaction 
mixture from a prior reaction in which the product to be formed had been formed. 

58. A process for the production of a 1 ,3-dihalo-5,5-dimethylhydantoin, which process 
15 comprises concurrently feeding into a reaction zone (i) water, inorganic base, and 5,5- 

dimethylhydantoin, these being fed separately and/or in any combinations), and (ii) a separate feed 
of a brominating agent and/or a cMorinating agent, in proportions such that during all or substantially 
all of the time the concurrent feeding is occurring l,3-dihalo-5,5-dimethylhydantoin is formed and 
precipitates in the liquid phase of an aqueous reaction mixture, and in which the pH of said liquid 
20 phase is continuously or substantially continuously maintained in the range of 6.5 to 8.5 during all 
or substantially all of the time the concurrent feeding is occurring. 

59. A process of Claim 58 wherein said pH is in the range of 6.8 to 7.2. 

60. A process of Claim 58 wherein (ii) is bromine and is fed subsurface to the liquid 
phase of said reaction mixture. 

25 61. A process of Claim 58 wherein (ii) is chlorine; a mixture of bromine and chlorine, fed 

separately or in combination; or bromine chloride; and is fed subsurface to the liquid phase of said 
reaction mixture. 

62. A process of Claim 58 wherein (ii) is an alkali metal bromide or an alkaline earth 
metal bromide, and chlorine, a hypochlorite salt, or an aqueous hypochlorite solution in amounts 
30 sufficient to generate bromine in situ, and if chlorine is used it is fed subsurface to the liquid phase 
of said reaction mixture. 
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63 . A process of Claim 5 8 wherein the temperature of said aqueous reaction mixture is 
in tiie range of 20 to 80°C. 

64. A process of Claim 58 wherein the temperature of said aqueous reaction mixture is 
in the range of 30 to 70°C. 

65. A process of Claim 58 wherein the temperature of said aqueous reaction mixture is 
in the range of 40 to 60°C. 

66. A process of Claim 58 wherein the proportions of water, inorganic base, and 5,5- 
dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 0.5 to 2.5 moles of 5,5- 
dimethylhydantoin and from 1.0 to 5.0 moles of the base, per liter of water; and 

B) where the base has a divalent cation, there are 0.5 to 2.5 moles of 5,5-dimethylhydantoin and 
from 0.5 to 2.5 moles of the base, per liter of water. 

67. A process of Claim 58 wherein the proportions of water, inorganic base, and 5,5- 
dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 1 .0 to 1 .5 moles of 5,5- 
dimethylhydantoin and from 2.0 to 3.0 moles of the base, per liter of water; and 

B) where the base has a divalent cation, there are 1 .0 to 1 .5 moles of 5,5-dimethylhydantoin and 
from 1 .0 to 1 .5 moles of the base, per liter of water. 

68. A process of Claim 67 wherein (ii) is bromine; wherein said pH is in the range of 6.8 
to 7.2; wherein the temperature of said aqueous reaction mixture is in the range of 30 to 70°C; and 
wherein if said temperature is above the boiling point of the bromine, the bromine is fed subsurface 
to the liquid phase said reaction mixture. 

69. A process of Claim 67 wherein (ii) is bromine; wherein said base is sodium 
hydroxide, wherein said pH is in the range of 6.8 to 7.2; wherein the temperature of said aqueous 
reaction mixture is in the range of 40 to 60°C; wherein if said temperature is above the boiling point 
of the bromine, the bromine is fed subsurface to the liquid phase of said reaction mixture. 

70. A process of Claim 58 wherein water, inorganic base, and 5,5-dimethylhydantoin of 
(i) are introduced as a feed solution formed from all three of them by mixing 5,5-dimethylhydantoin 
with an aqueous solution of inorganic base. 

71. A process of Claim 70 wherein the inorganic base used in forming said feed solution 
is a water-soluble basic salt or oxide of an alkali metal or an alkaline earth metal; and wherein said 
pH is in the range of 6.8 to 7.2. 
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72. A process of Claim 58 wherein the inorganic base used in forming said feed solution 
consists essentially of sodium oxide, sodium hydroxide, sodium carbonate, sodium bicarbonate, 
potassium oxide, potassium hydroxide, potassium carbonate, potassium bicarbonate, calcium oxide, 
calcium hydroxide, or a mixture of any two or more of them; and wherein the amount of such base 
is the stoichiometric quantity, or is substantially the stoichiometric quantity, theoretically required 
to fully deprotonate the 5,5-dimethylhydantoin used in forming said feed solution. 

73. Aprocess of Claim 58 wherein the process is conducted in abatchmode by initiating 
the concurrent feeds of (i) and (ii) to a reactor containing (a) a solids-containing heel of a reaction 
mixture from a prior reaction in which the l,3Kiihalo-5,5-dime%mydantoin to be formed had been 
formed, or (b) a solids-free mother liquor of a reaction mixture from a prior reaction in which the 
l,3-dihalo-5,5-dimethylhydantoin to be formed had been formed, and discontinuing the concurrent 
feeds of (i) and (ii) when the reactor has been filled to the desired level. 

74. A process of Claim 70 wherein the process is conducted in a batch mode by initiating 
the concurrent feeds of (i) and (ii) to the reactor containing (a) a solids-containing heel of a reaction 
mixture from a prior reaction in which the 1 3-dihalo-5,5-dimethylhydantoin to be formed had been 
formed, or (b) a solids-free mother liquor of a reaction mixture from a prior reaction in which the 
l,3-dihalo-5,5-dimethylhydantoin to be formed had been formed, and discontinuing the concurrent 
feeds of (i) and (ii) when the reactor has been filled to the desired level. 

75. A process of any of Claims 1, 13, 14, or 43 wherein the proportions of said 
brominating agent and/or chlorinating agent and said compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom being fed are such that there are in the range of 1 ,9 to 
2. 1 atoms of halogen per halogenatable amido or imido nitrogen atom to be halogenated. 

76. A process of any of Claims 58, 59, 60, 61, 62, or 69 wherein the proportions of the 
brominating agent and/or chlorinating agent and 5,5-dimethylhydantoin being fed are such that there 
are in the range of 3.8 to 4.2 atoms of halogen per molecule of 5,5-dimethylhydantoin. 

77. A process of Claim 56 or 58 wherein (ii) is bromine and wherein the rate at which (i) 
and (ii) are being fed is such that the color of the reaction mixture is yellow to reddish yellow. 

78. A process for the N-halogenation of a compound having at least one halogenatable 
amido or imido functional group in the molecule, which process comprises: 

T) concurrently and continuously feeding into a reactor containing an aqueous reaction mixture: 
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A) separate feeds of (i) an aqueous solution or slurry formed from an inorganic base and 
a compound having in the molecule at least one halogenatable amido or imido 
nitrogen atom, and (ii) a brominating agent and/or a chlorinating agent; or 

B) at least three separate feeds, one of which is a brominating agent and/or a chlorinating 
agent, and at least two other feeds, at least one of which is selected from (a) and (b); 
and at least one of which is selected from (c) and (d), wherein 

(a) is an aqueous solution or slurry formed from an inorganic base, 

(b) is an aqueous solution or slurry formed from an inorganic base and a 
compound having in the molecule at least one halogenatable amido or imido 
nitrogen atom, 

(c) is a compound having in the molecule at least one halogenatable amido or 
imido nitrogen atom, and 

(d) is an aqueous solution or slurry formed from a compound having in the 
molecule at least one halogenatable amido or imido nitrogen atom; 

in proportions such that at least one said amido or imido nitrogen atom is substituted by a 
bromine or chlorine atom and a precipitate of the resultant product precipitates in the liquid 
phase of an aqueous reaction mixture during all or substantially all of the time said 
concurrent feeding is occurring, and such that the pH of said reaction mixture is continuously 
or substantially continuously maintained in the range of 5.5 to 8.5 during all or substantially 
all of the time said concurrent feeding is occurring; and 
II) periodically or continuously removing precipitate and a portion of the reaction mixture from 
the reactor. 

79. A process of Claim 78 wherein the volume of the feeds to said reactor in I) and the 
volume of the precipitate and portion of the reaction mixture removed from said reactor in II) are 
equal or substantially equal so that the volume of reactor contents remains constant or substantially 
constant. 

80. A process of Claim 78 wherein said pH is in the range of 6.5 to 8.5. 

81. A process of Claim 78 wherein said pH is in the range of 6.8 to 7.2. 

82. A process of Claim 78 wherein the temperature of said aqueous reaction mixture is 
in the range of 20 to 90°C, and wherein if said brominating agent and/or chlorinating agent is in the 
form of a vapor, said vapor is fed subsurface to the liquid phase of said reaction mixture in I). 
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83 . A process of Claim 80 wherein the temperature of said aqueous reaction mixture is 
in the range of 30 to 70°C, and wherein if said hrominating agent and/or chlorinating agent is in the 
form of a vapor, said vapor is fed subsurface to the liquid phase of said reaction mixture in I). 

84. A process of Claim 78 wherein the proportions of water, inorganic base, and said 
5 compound being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 0.5 to 2.5 moles of 
halogenatable amido or imido nitrogen atoms and from 0.5 to 2.5 moles of the base, per liter 
of water; and 

B) where the base has a divalent cation, there are 0.5 to 2.5 moles of halogenatable amido or 
10 imido nitrogen atoms and from 0.25 to 1 .25 moles of the base, per liter of water. 

85. A process of Claim 78 wherein the proportions of water, inorganic base, and said 
compound being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 1.0 to 1.5 moles of 
halogenatable amido or imido nitrogen atoms and from 1 .0 to 1 .5 moles of the base, per liter 

15 of water, and 

B) where the base has a divalent cation, there are 1 .0 to 1 .5 moles of halogenatable amido or 
imido nitrogen atoms and from 0.5 to 0.75 moles of the base, per liter of water. 

86. A process of Claim 78 wherein said brominating agent and/or chlorinating agent is 
bromine, chlorine, bromine chloride, or a combination of any two or all three of them, and is fed 

20 subsurface to the liquid phase of the reaction mixture in I). 

87. A process of Claim 78 wherein said brominating agent and/or chlorinating agent is 
an alkali metal bromide or an alkaline earth metal bromide and chlorine, a hypochlorite salt, or an 
aqueous hypochlorite solution in amounts sufficient to generate bromine in situ, and if chlorine is 
used, said chlorine is fed subsurface to the liquid phase of the aqueous reaction mixture in I). 

25 88. A process of Claim 78 wherein said brominating agent and/or chlorinating agent is 

bromine, and wherein the bromine is fed subsurface to the liquid phase of the aqueous reaction 
mixture in I). 

89. A process of Claim 88 wherein the bromine is fed as a mixture of bromine vapor and 
at least one inert gas. 

30 90. A process of Claim 78 wherein said inorganic base and said compound having in the 

molecule at least one halogenatable amido or imido nitrogen atom are fed either as separate solutions 
or slurries in water or as a single solution or slurry in water. 
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91. A process of Claim 90 wherein the inorganic base used in forming the solution, 
solutions, slurry, and/or slurries is a water-soluble basic salt or oxide of an alkali metal or an alkaline 
earth metal. 

92. A process of Claim 90 wherein the inorganic base used in forming the solution, 
solutions, slurry, and/or slurries consists essentially of sodium oxide, sodium hydroxide, sodium 
carbonate, sodium bicarbonate, potassium oxide, potassium hydroxide, potassium carbonate, 
potassium bicarbonate, calcium oxide, calcium hydroxide, or a mixture of any two or more of them. 

93. A process of Claim 84 wherein said pH is in the range of 6.8 to 7.2; wherein the 
temperature of said aqueous reaction mixture is in the range of 30 to 90°C; wherein if said 
brominating agent and/or chlorinating agent is in the form of a vapor, said vapor is fed subsurface 
to the liquid phase of the reaction mixture in I); and wherein said inorganic base and said compound 
having in the molecule at least one halogenatable amido or imido nitrogen atom are fed either as 
separate solutions or slurries in water or as a single solution or slurry in water. 

94. A process of Claim 93 wherein the inorganic base used in forming said solution or 
slurry is a water-soluble basic salt or oxide of an alkali metal or an alkaline earth metal; wherein said 
brominating agent and/or chlorinating agent is bromine; and wherein the bromine is fed subsurface 
to the liquid phase of the aqueous reaction mixture in I). 

95. A process of Claim 94 wherein the bromine is fed as a mixture of bromine vapor and 
at least one inert gas. 

96. A process of Claim 85 wherein said pH is in the range of 6.8 to 7.2; wherein the 
temperature of said aqueous reaction mixture is in the range of 30 to 70°C; wherein if all or a portion 
of said brominating agent and/or chlorinating agent is in the form of a vapor, at least said vapor is 
fed subsurface to the liquid phase of said reaction mixture in I); and wherein said inorganic base and 
said compound having in the molecule at least one halogenatable amido or imido nitrogen atom are 
fed either as separate solutions or slurries in water or as a single solution or slurry in water. 

97. A process of Claim 96 wherein the inorganic base used is a water-soluble basic salt 
or oxide of an alkali metal or an alkaline earth metal; wherein said brominating agent and/or 
chlorinating agent is bromine; and wherein the bromine is fed subsurface to the liquid phase of the 
aqueous reaction mixture in I). 

98. A process of Claim 97 wherein the bromine is fed as a mixture of bromine vapor and 
at least one inert gas. 
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99. A process of Claim 78 wherein said compound having in the molecule at least one 
amido or imido nitrogen atom is a hydantoin in which each of the two substituents in the 5-position 
is, independently, a hydrogen atom or a hydrocarbyl group. 

100. A process of Claim 99 wherein said hydantoin is a 5-alkyl hydantoin or a 5,5- 
5 dialkylhydantoin. 

101 • A process of Claim 99 wherein said hydantoin is 5,5-dimethylhydantoin, and wherein 
said pH is in the range of 6.8 to 7.2. 

102. A process of Claim 101 wherein the temperature of said aqueous reaction mixture is 
in the range of 20 to 80°C, and wherein if all or a portion of said brominating agent and/or 

10 chlorinating agent is in the form of a vapor, at least said vapor is fed subsurface to the liquid phase 
of said reaction mixture in I). 

103. A process of Claim 102 wherein said temperature is in the range of 40 to 60°C. 

104. A process of Claim 101 wherein the proportions of water, inorganic base, and 5,5- 
dimethylhydantoin being fed are such that; 

15 A) where the inorganic base has a monovalent cation, there are from 0.5 to 2.5 moles of 5,5- 
dimethylhydantoin, and from 1.0 to 5.0 moles of the base, per liter of water; and 
B) where the base has a divalent cation, there are 0.5 to 2.5 moles of 5,5-dimethylhydantoin, and 
from 0.5 to 2.5 moles of the base, per liter of water. 

105. A process of Claim 101 wherein the proportions of water, inorganic base, and 5,5- 
20 dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 1 .0 to 1 .5 moles of 5,5- 
dimethylhydantoin and from 2.0 to 3.0 moles of the base, per liter of water; and 

B) where the base has a divalent cation, there are 1 .0 to 1 .5 moles of 5,5-dimethylhydantoin and 
from 1 .0 to 1 .5 moles of the base, per liter of water. 

25 106. A process of Claim 101 wherein said brominating agent and/or chlorinating agent is 

bromine, chlorine, bromine chloride, or a combination of any two or all three of them, and is fed 

subsurface to the liquid phase of the aqueous reaction mixture in I). 

107. A process of Claim 101 wherein said brominating agent and/or chlorinating agent is 

an alkali metal bromide or an alkaline earth metal bromide and chlorine, hypochlorite salt, or an 
30 aqueous hypochlorite solution in amounts sufficient to generate bromine in situ, and wherein if 

chlorine is used, said chlorine is fed subsurface to the aqueous reaction mixture in I). 
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1 08. A process of Claim 101 wherein said brominating agent and/or chlorinating agent is 
bromine, and wherein the bromine is fed subsurface to the aqueous reaction mixture in I). 

1 09. A process of Claim 1 08 wherein the bromine is fed as a mixture of bromine vapor and 
at least one inert gas. 

5 1 1 0. A process of Claim 101 wherein said inorganic base and said 5,5-dimethylhydantoin 

are fed either as separate solutions or slurries or as a single solution or slurry in water. 

111. A process of Claim 110 wherein the inorganic base used in forming the solution, 
solutions, slurry and/or slurries is a water-soluble basic salt or oxide of an alkali metal or an alkaline 
earth metal. 

10 1 12. A process of Claim 101 wherein the inorganic base used in forming the solution, 

solutions, slurry, and/or slurries consists essentially of sodium oxide, sodium hydroxide, sodium 
carbonate, sodium bicarbonate, potassium oxide, potassium hydroxide, potassium carbonate, 
potassium bicarbonate, calcium oxide, calcium hydroxide, or a mixture of any two or more of them. 

113. A process of Claim 1 10 wherein the temperature of said aqueous reaction mixture is 
15 in the range of 40 to 60°C; wherein if all or a portion of said brominating agent and/or chlorinating 

agent is in the form of a vapor, at least said vapor is fed subsurface to the liquid phase of the aqueous 
reaction mixture in I); and wherein the proportions of water, inorganic base, and 5,5- 
dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from 0.5 to 2.5 moles of 5,5- 
20 dimethylhydantoin and from 1 .0 to 5.0 moles of the base, per liter of water; and 

B) where the base has a divalent cation, there are 0.5 to 2.5 moles of 5,5-dimethylhydantoin and 
from 0.5 to 2,5 moles of the base, per liter of water. 

114. A process of Claim 113 wherein said brominating agent and/or chlorinating agent is 
bromine; and wherein the bromine is fed subsurface to the liquid phase of the aqueous reaction 

25 mixture in I). 

115. A process of Claim 114 wherein the bromine is fed as a mixture of bromine vapor and 
at least one inert gas. 

116. A process of Claim 113 wherein the proportions of water, inorganic base, and 5,5- 
dimethylhydantoin being fed are such that: 

30 A) where the inorganic base has a monovalent cation, there are from 1.0 to 1 .5 moles of 5,5- 
dimethylhydantoin and from 2.0 to 3.0 moles of the base, per liter of water, and 
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B) where the base has a divalent cation, there are 1 .0 to 1 .5 moles of 5,5-dimethylhydantoin and 
from 1.0 to 1.5 moles of the base, per liter of water. 

117. A process of Claim 116 wherein said brominating agent and/or chlorinating agent is 
bromine; and wherein the bromine is fed subsurface to the liquid phase of the aqueous reaction 
mixture in I). 

118. A process of Claim 1 17 wherein the bromine is fed as a mixture of bromine vapor and 
at least one inert gas. 

119. A process of Claim 78 wherein said compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom is a cyclic amide or a cyclic imide. 

1 20. A process of Claim 1 3 or 78 wherein the process is conducted adiabatically and with 
agitation of the aqueous reaction mixture. 

121 . A process of Claim 100 or 101 wherein the halogen is bromine and wherein the rate 
at which the feeds are being fed is such that the color of the reaction mixture is yellow to reddish 
yellow. 

122. A process of any of Claims 78, 93, 96, or 119 wherein the proportions of said 
brominating agent and/or chlorinating agent and said compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom being fed are such that there are in the range of 1 .9 to 
2.1 atoms of halogen per halogenatable amido or imido group to be halogenated. 

123. A process of any of Claims 101, 102, 106, 107, 110, 113, 116, or 117 wherein the 
proportions of halogen and 5,5-dimethylhydantoin being fed are such that there are in the range of 
3.8 to 4.2 atoms of halogen per molecule of 5,5-dimethylhydantoin. 

124. A process for the N-halogenation of a compound having in the molecule at least one 
halogenatable amido or imido functional group in the molecule, which process comprises: 

a) concurrently feeding into a reactor (i) water, inorganic base, and said compound having in 
the molecule at least one halogenatable amido or imido nitrogen atom, these components 
being fed separately and/or in any combination^), and (ii) a separate feed of a brominating 
agent, in proportions such that (iii) at least one said amido or imido nitrogen atom is 
substituted by a bromine atom, (iv) during all or substantially all of the time the concurrent 
feeding is occurring, the product precipitates in the liquid phase of an aqueous reaction 
mixture in which the pH is continuously or substantially continuously maintained in the range 
of 5.5 to 8.5, and (v) an aqueous solution of co-product inorganic bromide salt is formed; 

b) separating precipitate from said aqueous solution; and 
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c) oxidizing co-product inorganic bromide salt in said solution to form elemental bromine. 

125. A process of Claim 124 wherein said oxidation is accomplished using chlorine. 

126. A process of Claim 124 wherein said pH is in the range of 6.5 to 8.5. 

127. A process of any of Claims 124-126 wherein said compound having at least one 
halogenatable amido or imido nitrogen atom is a 5,5-dialkylhydantoin; wherein said inorganic base 
is a water-soluble basic salt or oxide of an alkali metal or an alkaline earth metal; and wherein said 
brominating agent is bromine fed subsurface to the liquid phase of the aqueous reaction mixture. 

128. A process of Claim 124 wherein said compound having in the molecule at least one 
halogenatable amido or imido nitrogen atom is 5,5-dimethylhydantoin; wherein said pH is 
maintained in the range of 6.8 to 7.2; and wherein the temperature of said reaction mixture is 
maintained in the range of 40 to 60°C. 

1 29. A process of Claim 1 24 wherein in a) the feeds are being fed such that the color of 
the aqueous reaction mixture is yellow to reddish yellow. 

130. A process of any of Claims 13, 43, or 58 wherein said brominating agent and/or 
chlorinating agent is a brominating agent whereby an aqueous solution of co-product inorganic 
bromide salt is formed; wherein precipitate is separated from said aqueous solution; and wherein co- 
product inorganic bromide salt in said solution is oxidized to form elemental bromine. 

131. A process of Claim 78 wherein said brominating agent and/or chlorinating agent is 
a brominating agent whereby co-product inorganic bromide salt is formed in the aqueous reaction 
mixture; wherein the inorganic bromide salt in the aqueous solution remaining after said precipitate 
has been removed therefrom is oxidized to form elemental bromine. 
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